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Q (57) Abstract: The invention is concerned with methods for use in the identification of compounds having potential utility as pesti- 
cides. In particular, the invention relates to methods for use in identifying compounds which affect the activity of a physiologically 
important calcium pump, the sarco/endoplasmic reticulum Ca 24 ATPase (SERCA). 
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Methods for identifying pesticidal compounds 

The invention is concerned with methods for use 
in the identification of compounds having potential 
'5 utility as pesticides. In particular, the invention 
relates to methods for use in identifying compounds 
which affect the activity of a physiologically 
important calcium pump, the' sarco/endoplasmic 
reticulum Ca 2+ ATPase (SERCA) . 
10 Although a lot of effort has been made over the 

past few years in the development of novel pesticides 
there is still a great demand for new pesticides. One 
of the main problems facing the agrochemical industry 
at present is the development of pesticide resistance 
15 by target organisms. To handle problem, various 

resistance action committees have been set up within 
the Global Crop Protection Federation (GCPF, Avenue 
Louise 143, 1050 Brussels, Belgium) . The insecticide 
resistance committee (IRAC) , reports regularly on the 
20 emergence of new resistance of insects against 

insecticides. The results' of a resistance survey 
carried out in 1996, published in "The Pest Manual, 
11th edition, ed CDS Tomlin", by the British Crop 
Protection Council, 49 Downing Street, Farnham, 
25 Surrey, GU9 7PH, UK, indicating the problems that 
exist with insect resistance and hence the need to 
develop new insecticides. 

The Fungicide resistance action committee (FRAC) 
has already indicated that well known fungi have 
30 already developed resistance to well known fungicides 
such as benzimidazoles, dicarboximides , phenylamides, 
sterol biosynthesis inhibitors. In 1996 and 1994, the 
stobilurins and the anilinopyrimidines were introduced 
on the market as novel fungicides. At the time of 
35' publication of the 11th Edition of "The Pest Manual", 
ibid, no resistance has been observed against those to 
classes of compounds, but one may expect that in the 
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near future fungi will also develop resistance against 
these fungicides. 

The herbicide resistance action committee (HRAC) 
also publishes regularly the present status of 
5 herbicide resistance world wide. These publications 
can be found on HRAC publicity office, C/O David 
Nevill & Derek Cornes, Novartis protection AG, 4002, 
Basel Switzerland. The results of these surveys 
indicate that there is a need for novel herbicides. 

10 A similar pattern of emerging resistance is also 

observed for other classes of pesticides, particularly 
rodenticides, acaricides and nematocides. An overview 
of all such compounds with pesticide activity can be 
found in "The pest manual", ibid, and in references 

15 cited therein; Insecticides with Novel Modes of 

action, Mechanisms and application, Springer-Verlag 
Berlin, eds. I. Ishaaya, and' D. Degheele. Recently, 
completely new insecticides have been isolated, such 
as paralysins (Chiou et al., Biochem. and Biophys . 

20 Res. Com. 1998 246:457-462), deoxyribonucleosides and 
derivatives (Balzarini et al, Mol. Pharmacology. 2000, 
57:811-819) . 

New pesticides should be developed to further 
protect food production, but should have a minimal 

25 impact on the health of human populations and domestic 
animals and a minimal impact on the ecosystem. Hence, 
there is a great demand for safer, more selective 
pesticides affecting only specifically harmful pest 
species. 

30 The present inventors have identified the 

sarco/endoplasmic reticulum Ca 2+ ATPase (SERCA) as a 
potential target for pesticidal intervention. The 
SERCA proteins belong to the group of ATP-driven ion- 
motive ATPases, which also includes, amongst others, 
■ 35 the plasma membrane Ca 2+ -transport ATPases (PMCA) , the 
Na^-F^-ATPases, and the gastric H + -K + -ATPases . SERCA 
proteins are present in all higher organisms, 
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including pest species. The evolutionary conservation 
of SERCA proteins identifies these proteins as an 
interesting target for pesticidal intervention. 
Furthermore, it is .known that inhibition or deletion 
5 of SERCA activity in a variety of organisms results in 
lethality, or at least a marked reduction in the 
vitality of the organism. In particular, the present 
inventors have shown that inhibition of SERCA activity 
in the nematode C. elegans results in lethality. 

10 Inhibition of SERCA activity, and hence depletion of 

endoplasmic reticulum calcium stores also results in a 
lowering of muscle relaxation and hence immobility 
and/or respiration deficiency. 

The maintenance of high calcium concentrations in 

15 the ER is important for the proper synthesis of 
proteins, including translation, folding, 
glycosylation, processing and transport. Treatment of 
living organisms with chemicals that down-regulate or 
inhibit the activity of SERCA will hence have a 

20 negative effect on the welfare of these organisms. As 
such, SERCA inhibitors are potential pesticides or can 
be considered as basic compounds for the development 
of pesticides such as herbicides, insecticides and 
nematocides. It has been shown that SERCA function is 

25 essential in the intracellular trafficking of the 

Notch receptor in drosophila (Periz et al . , 1999 EMBO 
J; 5983-5993) . This study and others indicate that 
SERCA is an interesting target for pesticidal 
intervention. 

30 The inventors have developed generic screening 

methods which may be used to identify compounds which 
down-regulate SERCA activity and may therefore have 
the potential to kill pests. Several of these screens 
are performed in microscopic nematode worms such as 

35 Caenorhabditis elegans. C. elegans is a small 

roundworm that has a life cycle of only three days, 
allowing rapid accumulation of large quantities of 
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individual nematodes. C. elegans may be used in the 
development of high throughput live animal compound 
screens in which nematodes are exposed to the compound 
under test and any resultant phenotypic and/or 
5 behavioural changes are recorded. The present 

inventors have developed a number of C. elegans-based 
screening methods which may be used to identify 
compounds which modulate the activity of SERCA. 
Furthermore, these C. elegans based screening methods 
10 may also be used to identify compounds which modulate 
the activity of other proteins in the SERCA pathway, 
such as proteins involved in the calcium homeostasis 
of the cell. 

15 Therefore, in a first aspect the invention 

provides a method of identifying compounds having 
pesticidal activity, which method comprises: 

providing microscopic nematode worms expressing a 
pest SERCA protein, said protein being derived from a 

20 pest species, other than the C. elegans SERCA protein; 
and 

detecting a phenotypic, biochemical or 
behavioural indicator of SERCA activity in the 
microscopic nematode worm in the presence or absence 
25 of test compounds; 

wherein a reduction in SERCA activity in the 
presence of a compound is taken as an indication that 
the compound has pesticidal activity. 

30 The method of the invention may be used to 

identify compounds which have pesticidal activity 
because they directly or indirectly affect the 
activity of the SERCA protein. Hence, the invention 
further provides a method of identifying compounds 

35 capable of down-regulating the activity of a 

sarco/endoplasmic reticulum calcium ATPase, which 
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method comprises: 

providing microscopic nematode worms expressing a 
pest SERCA protein, said protein being derived from a 
pest species, other than the C. elegans SERCA protein; 
5 detecting a phenotypic, biochemical or 

behavioural indicator of SERCA activity in the 
microscopic nematode worm in the presence or absence 
of test compounds; and 

thereby identifying compounds capable of down- 
10 regulating the activity of SERCA. 

The preferred microscopic nematode species for 
use in the screening methods of the invention is 
Caenorhabditis elegans. It will, however, be 

15 appreciated that the methods may be carried out with 
other nematodes and in particular with other 
microscopic nematodes, preferably microscopic 
nematodes belonging to the genus Caenorhabditis 
including C. briggsae. As used herein the term 

20 "microscopic" nematode encompasses nematodes of 

approximately the same size as C. elegans, being of 
the order 1mm long in the adult stage. Microscopic • 
nematodes of this approximate size are extremely 
suited for use in mid- to high-throughput screening as 

25 they can easily be grown in the wells of a multi-well 
plate of the type generally used in the art to perform 
such screening. 

C. elegans occurs naturally in the soil but can 
be easily grown in the laboratory on nutrient agar 

30 inoculated with bacteria, preferably E. coli, or in 

liquid culture. Each worm grows from an embryo to an 
adult worm of about 1 mm long in three days or so. As 
it is fully transparent at all stages of its life, 
cell divisions, migrations and differentiation can be 

35 seen in live animals. Furthermore, although its 

anatomy is simple its somatic cells represent most 
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major differentiated tissue type including muscles, 
neurons, intestine and epidermis. Accordingly, 
differences in phenotype which represent a departure 
from that of wild-type C. elegans are relatively 
5 easily observed and many phenotypic, physiological or 
biochemical characteristics of the nematode submit to 
quantitative measurement. 

In the context of this application, the term 

10 "pest SERCA protein" encompasses any SERCA protein 

derived from a pest species. The term "pest species' 7 
encompass species recognised as such by one skilled in 
the art. Pest species include, but are not 
necessarily limited to, arthropods such as insects, 

15 ticks, mites, spiders and nematodes (excluding C. 

elegans for the purposes of this application) and also 
fungi, plants and rodents. The term "pest species" 
also encompasses parasitic pest species, including 
human parasites, and the term "compounds having 

20 , pesticidal activity" is to be interpreted accordingly 
as encompassing compounds having anti-parasitic 
activity which may have utility in the pharmaceutical 
and/or veterinary fields. A non-exhaustive list of 
pest species is included in the accompanying Examples. 

25 Further lists of pest species can be found in "The 
Pest Manual", ed CDS Tomlin, BCPC. 

The term "compounds having pesticidal . activity" 
is to be interpreted as encompassing compounds which 
are lethal to one or more pest species as hereinbefore 

30 defined or lethal to the progeny of such a pest 

species. As aforesaid, this definition encompasses 
compounds having anti-parasitic activity. 

The term "SERCA protein derived from a pest 
species" is intended to encompass any SERCA protein 

35 naturally expressed by a pest species, including 

naturally occurring splice variants, allelic variants 
and isoforms. Many species express more than one 
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SERCA isoform and the scope of the invention is not 
restricted to any particular isoform. 

The term "SERCA protein derived from a pest 
species" is also intended to encompass specific mutant 
5 versions of naturally occurring pest SERCA proteins, 

including, for example, mutant proteins engineered by. 
directed mutagenesis techniques. Specific mutant pest 
SERCA proteins will advantageously retain near wild- 
type SERCA ATPase activity. 

10 Further examples of "SERCA proteins derived from 

a pest species" within the scope of the invention are 
chimeric proteins created by in-frame fusion of 
fragments of two or more SERCA proteins, at least one 
of which is a SERCA protein derived from a pest 

15 species. Chimeric proteins included within this 

definition include fusions of a pest SERCA protein and 
a C. elegans SERCA protein (see accompanying 
Examples) . 

The microscopic nematode worm expressing the pest 

20 SERCA protein may, advantageously, be a transgenic 
worm containing a transgene comprising nucleic acid 
encoding the pest SERCA protein operably linked to a 
promoter. In the context of this application the term' 
"transgene" refers to a DNA construct comprising a 

25 promoter operably linked to a DNA sequence encoding 
the pest SERCA protein. The construct . may contain 
additional DNA sequences in addition to those 
specified above. The transgene may, for example, form 
part of an expression vector, such as plasmid vector. 

30 By the term "operably linked" it is to be understood 

that the promoter is positioned to drive transcription 
of the protein-encoding DNA fragment. 

Methods of preparing transgenic C. elegans, 
including C. elegans carrying multiple transgenes, are 

35 well known in the art and are described, for example, 
by Craig Mello and Andrew Fire, Methods in Cell 
Biology, Vol 48, Ed. H.F. Epstein and D.C. Shakes, 
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Academic Press, pages 452-480. A. typical approach 
involves the construction of a plasmid-based 
expression vector in which a protein-encoding DNA of 
interest is cloned downstream of a promoter having the 
5 appropriate tissue or cell-type specificity. The 

plasmid vector is then introduced into C. elegans of 
the appropriate genetic background, for example using 
microinjection. In order to facilitate the selection 
of transgenic C. elegans a second plasmid carrying a 

10 selectable marker may be ' co-injected with the 
experimental plasmid. 

Plasmid vectors are usually maintained in cells 
of transgenic C. elegans in the form of an 
extrachromosomal array. Although plasmid vectors are 

15 relatively stable as extrachromosomal arrays they can 
•alternatively be stably integrated into the C. elegans 
genome using standard technology, for example, using 
gamma ray-induced integration of extrachromosomal 
arrays (methods in Cell Biology, Vol 48 page 425-480) . 

20 The DNA sequence encoding the pest SERCA protein 

may be any DNA sequence comprising the complete open 
reading frame of the corresponding pest SERCA gene, 
such as, for example, a fragment of genomic DNA or 
cDNA. A number of pest SERCA cDNA sequences are 

25 available from publicly accessible sequence databases 
such as the GenBank database. The number of sequences 
deposited in the publicly accessible sequence 
databases is increasing all the time and these 
sequences are derived from an increasing diversity of 

30 species. A list of database accession numbers is 
provided in the accompanying Examples. Using this 
sequence data it is a matter of routine to clone a 
corresponding cDNA using molecular biology techniques 
well known in the art (see 'Current Protocols in 

35 Molecular Biology', Ed Ausubel et al., John Wiley & 

Sons, Inc) . Specific examples of the cloning of pest 
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SERCA cDNAs based on sequence data accessed from the 
database are included herein. 

The inventors have developed an approach to 
isolate SERCA cDNAs from various other pest species, 
•5 in particular pest species for which ho or limited 

sequence data is available through database sources. 
The inventors 7 method is generally applicable and 
comprises the following steps: 

10 a) Prepare a multiple alignment of known pest SERCA 
protein sequences (for example using ClustalW 
software) ; 

b) Identify blocks of homology (for example using the 
15 Block Maker software accessible via the Blocks WWW 

Server at the Fred Hutchinson Cancer Research Center, 
Seattle, Washington, USA http://blocks.fhcrc.org); 

c) Design degenerate oligonucleotide primers to 

20 conserved regions of amino acid sequence (for example 
using C0DEH0P (Rose, et al., NAR 26: 1628-1635); 

d) Perform PCR using pairs of degenerate primers on 
cDNA prepared from the pest species; 

25 ■ 

e) Clone PCR fragments into a suitable cloning vector 
(many vectors suitable for the cloning of PCR products 
are available commercially) ; 

30 f) Isolate full length cDNA corresponding to the PCR 
fragment (for example using 5' and 3 f RACE or cDNA 
library screening, techniques which are well known in 
the art) . 



35 



By way of illustration of this approach, a 
homology series of plant SERCA proteins used to 
identify degenerate primers and primer combinations to 
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isolate SERCA cDNAs from plant pests is shown in the 
accompanying Figure 1. A more general homology series 
of SERCA proteins from more diverse species is shown 
in Figure 2 . This alignment may be used to design 
•5 degenerate primers useful in the isolation of SERCA 
proteins from more diverse pest species. A list of 
primers and primer combinations is included in the 
accompanying Examples. 

The promoter part of the transgene may be any 
10 promoter which is capable of directing gene expression 
in the nematode. Preferably the DNA encoding the pest 
SERCA protein is operably linked to the promoter 
region of a SERCA gene. Most preferably the promoter 
region of the C. elegans sca-1 gene is used. The term 
15 ^promoter region' as used herein refers to a fragment 
of the -upstream region of a given gene which is 
capable of directing a pattern of gene expression 
substantially identical to the natural pattern of 
expression of the given gene. 
20 When the screen is carried out using transgenic 

C. elegans, the promoter may, advantageously, be the 
promoter region of a C. elegans gene and may be a 
tissue-or cell type-specific promoter. With the use 
of a promoter of appropriate specificity, the pest 
25 SERCA protein can be expressed in all the cells of C. 

elegans, in a given type of tissue (i.e. all muscles), 
in a single organ or tissue (for example, the pharynx 
or the vulva), in a subset of cell, types, in a single, 
cell type or even in a single cell. Tissue-specific 
30 C. elegans promoters which may be used in accordance 
with the invention include the myo-2 promoter which 
directs gene expression in the pharynx, the myo-3 
promoter which directs gene expression in the body 
wall muscles, the egl-15 and ceh-24 promoters which 
35 direct gene expression in vulva muscles. Other 

tissue-specific C. elegans promoters are well known to 
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persons .skilled in the art. 

In order to screen for compounds which act 
specif ically on the expressed pest SERCA protein, 
rather than the endogenous nematode SERCA protein, it 

.5 is preferred to use nematodes which, at the same time 
as expressing the pest SERCA protein, exhibit no or 
substantially reduced activity of the endogenous 
nematode SERCA protein in one or more tissues or cell 
types. C. elegans has a single SERCA gene, which was 

10 identified by the C. elegans genome-sequencing 

consortium (see Science issue 282, 1998) . The C. 
elegans SERCA gene, designated sca-1, is located on 
chromosome III on a cosmid named K11D9. On a physical 
level, the gene consists of seven exons that span an 

15 Open Reading Frame of 3.2 kb, resulting in a predicted 
protein of 1059 amino acids. The consensus alternative 
splice site that is present in the C- terminal end of 
mammalian SERCA genes is also present in C. elegans. 
This leads to a second isoform consisting of eight 

20 exons that span an ORF of 3.0kb, resulting in a 
protein of 1004 amino acids. 

In the context of this application the term 
'activity' used in relation to a SERCA protein refers 
to the calcium ATPase activity of the protein, unless 

25 otherwise stated. There are various ways in which the 
activity of the endogenous nematode SERCA protein can 
be substantially reduced or abolished. In one 
embodiment, this is achieved by introducing the 
transgene encoding the pest SERCA protein into a 

30 mutant strain which exhibits no or substantially 

reduced activity of the endogenous SERCA protein in 
one or more tissues or cell types. This mutant strain 
may carry a knock-out or loss-of-f unction mutation in 
the chromosomal SERCA gene. Alternatively, the 

35 mutation may abolish/reduce SERCA activity through a 
down-regulation of SERCA expression in one or more 
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cell types or tissues or a defect in regulation of the 
activity of the SERCA protein. 

C. elegans having a reduction-of-function 
mutation or a knock-out mutation in the sca-1 gene can 
5 be isolated using a classical non-complementation 

screen, starting with a heterozygote C. elegans strain 
carrying a mutant sca-1 allele on one chromosome and a 
recessive marker close to the wild-type sca-1 .allele 
on the other chromosome. The nematodes are subjected 

10 ' to mutagenesis using standard techniques (EMS or 

UV-TMP are suitable for this purpose) and the progeny 
is screened by eye for defects, especially in tissues 
which express SERCA. Since the screening is performed 
in the Fl generation/ mutations will only give rise to 

15 a phenotype if the mutation occurs in the sca-1 gene 
(due to non-complementation) or if the mutation is. 
dominant, which does not occur frequently. These two 
possibilities can be distinguished in subsequent 
generations. A newly introduced sca-1 mutation should 

20 be linked to the recessive marker. As a further 

control/ DNA sequencing can be performed to determine 
the nature of the mutation. 

An example of a C. elegans strain which carries a 
knock-out mutation in the sca-1 gene is strain ok!90 , 

25 described in the accompanying Examples. A protocol 
for introducing a pest SERCA transgene onto an sca-1 
knock-out genetic background is included in the 
accompanying examples . 

In another embodiment, activity of the endogenous 

30 nematode SERCA protein can be reduced by specifically 
down-regulating the expression of the SERCA protein in 
one or more tissues using antisense techniques or 
double-stranded RNA' inhibition (RNAi) . This can be 
achieved by transfection of the nematode, preferably 

35 C. elegans r with a vector that expresses either an 
antisense SERCA RNA or a double-stranded SERCA RNA. 
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The antisense or double-stranded SERCA RNA should be 
capable of selectively inhibiting expression of the 
endogenous nematode SERCA protein but not the pest 
SERCA protein. 

5 Specific down-regulation of SERCA expression in 

different cell types or tissues of the nematode can be 
achieved by incorporating into the vector an 
appropriate tissue-specific promoter to drive 
expression of the antisense RNA or double stranded RNA 

10 in the required tissues. SERCA expression will be 
specifically down-regulated only in those tissues 
which express the antisense RNA or double stranded 
RNA. By way of example, the promoter region of the C. 
alegans sca-1 gene itself can be used to direct 

15 expression of an antisense RNA or double stranded RNA 
in all the cells and tissues of C. elagans which 
express endogenous SERCA. The C. alegans myo-2 
promoter can be used to direct expression in the 
pharynx. The C. elagans myo-3 promoter can be used to 

20 direct expression in the body wall muscles. The use 
of antisense and double stranded RNA inhibition will 
be further understood with reference to the Examples 
included herein. 

RNAi technology is well known in the C. elagans 

25 field as a tool for inhibiting expression of a 

specific target gene in C. elegans, as described by 
Fire et al . , Nature 391:801-811 (1998) and Timmins and 
Fire, Nature 395:854 (1998). The standard approach is 
based on injection of dsRNA directly into the worm. 

30 Alternative RNAi techniques which may be used to 
inhibit SERCA activity are described in the 
applicant's International patent application No. WO 
00/01846. These techniques, which are based on 
delivery of dsRNA to C. elagans by feeding with an 

35 - appropriate dsRNA or feeding with food organisms which 
express an appropriate dsRNA, may lead to a more 
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stable RNAi phenotype .than results from injection of 
dsRNA. 

In a further embodiment, a pest SERCA-specif ic 
screen may be performed by using transgenic C. elegans 
5 expressing a pest SERCA protein which is resistant to 
a chemical inhibitor of SERCA activity, such as 
thapsigargin. The pest SERCA protein may be variant 
carrying a mutation in the thapsigargin binding site 
The mutation Phe259Val renders C. elegans SERCA 

10 resistant to inhibition with thapsigargin. Equivalent 
mutations may be introduced into transgenes encoding 
pest SERCA proteins using standard site-directed 
mutagenesis. An alignment of SERCA amino acid 
sequences, such as that shown in Figure 2, may be used 

15 .to locate the amino acid residue in the pest SERCA 

protein which is equivalent to residue Phe 259 of C. 
elegans SERCA. Applying the SERCA inhibitor, for 
example thapsigargin, to transgenic C. elegans which 
express a resistant mutant pest SERCA will result in 

20 inhibition of the endogenous C. elegans SERCA only. 

Thus, if the inhibitor is added to the screening assay 
in addition to the test compound, the. screen will be 
specific for the pest SERCA. 

The invention also encompasses an embodiment of 

25 the screening method in which the pest SERCA protein 
is specifically expressed in a tissue or cell type of 
the nematode which exhibits no or only minor 
background activity of the endogenous C. elegans SERCA 
protein. In this case it is not necessary to 

30 reduce/abolish activity of the endogenous nematode 
SERCA protein in order to screen selectively on the 
pest SERCA protein. 

An example of a nematode tissue which exhibits 
little or no SERCA activity is the neurons. In a 

35 preferred embodiment the screen is .performed using 
transgenic C. elegans in which expression of a pest 
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SERCA protein is driven by a neuron-specific promoter. 
Examples of neuron-specific promoters which may be 
used in this embodiment of the invention are the unc- 
119, ser-1, eat-18, acm-1, acm-3 and avr-14 promoters. 

. 5 Other suitable neuron-specific C. elegans promoters 
are known in the art. 

The screening methods of the invention rely on 
detection of an indicator of SERCA activity in the 
presence or absence of a test compound. There are a 

10 number of different phenotypic, behavioural or 
biochemical indicators of SERCA activity in the 
nematode which can be used as the basis of the 
screening method. These include pharynx pumping 
efficiency, egg laying behaviour, mating behaviour, 

15 defecation behaviour, growth rate, movement behaviour, 
life/death of the nematode and intracellular Ca 2+ 
concentration. 

* The inventors have observed that a reduction in 
SERCA activity in nematodes such as C. elegans results 

20 in various phenotypic and behavioural defects. Many 
of these defects can be used as basis of an assay to 
isolate compounds that alter the activity of SERCA, 
and also compounds which affect the activity of other 
- components of the SERCA pathway, such as proteins 

25 involved in the ^calcium homeostasis ' of the cell. The 
main defects, and hence phenotypes, associated with 
reduced SERCA activity are related to muscle function 
e.g pharyngeal muscle, body wall muscle, vulva muscle, 
anal repressor muscle, and anal sphincter muscle, as 

30 illustrated by the RNAi experiments and thapsigargin 
inhibition experiments described in the accompanying 
examples. Screens based on the detection of 
phenotypic characteristics associated with reduced 
SERCA activity in these muscles can be used to 

35 identify compounds and genes that alter the activity 
of SERCA. In addition, other phenotypes, such as 
paleness, reduced growth, reduced progeny, protruding 
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vulva and protruding rectum can be used to identify 
compounds and genes that alter the function of SERCA. 

In one embodiment, the assay can be based on 
detection of pharynx pumping efficiency as an 
5 indicator of SERCA activity. If the starting nematode 
strain exhibits a near wild-type rate of pharynx 
pumping, then a decrease in the rate of pharynx 
pumping in the presence of a test compound can be used 
as an indicator of reduction of SERCA activity in the 

10 pharynx. In order to use pharynx pumping efficiency 
as an indicator of the activity of the pest SERCA 
protein, the pest SERCA protein must be expressed in 
at least the muscles of the pharynx. Activity of the 
endogenous nematode SERCA protein should also be 

15 abolished or substantially reduced in the pharynx 

muscles in order to confer specificity for the pest 
SERCA protein. 

C. elegans feeds by taking in liquid containing 
its food (e.g. bacteria). It then spits out the 

20 liquid, crushes the food particles and internalises 

them into the gut lumen. This process is performed by 
the muscles of the pharynx. - The process of taking up 
of liquid and subsequently spitting it out, requiring 
contraction and relaxation of muscles, is called 

25 pharyngeal pumping or pharynx pumping. 

Alterations in SERCA activity influence the 
pharyngeal pumping rate. In particular, inhibition of 
SERCA using thapsigargin causes a reduction in the 
rate of pharynx pumping. Measurement of the pumping 

30 rate of the C. elegans pharynx is hence a method to 
determine the activity of SERCA. Pharynx pumping 
efficiency can be conveniently measured by placing the 
nematodes in liquid containing a fluorescent marker 
molecule precursor, such as calcein-AM. Calcein-AM 

35 present in the medium is taken up by the nematodes and 
the AM moiety is cleaved off by the action of 
esterases present in the C. elegans gut, resulting in 



WO 02/33405 



PCT/TB01/02391 



- 17 

the production of the fluorescent molecule calcein. As 
the quantity of calcein-AM that is delivered in the 
gut is dependent on the pumping rate of the pharynx, 
and hence of the activity of SERCA, calcein 
5 fluorescence measured in the gut is a quantitative and 
qualitative measurement of the SERCA activity. It 
would be readily apparent to one skilled in the art 
that other types of marker molecule precursor which 
are cleavable by an enzyme present in the gut of C. 

10 elegans to generate a detectable marker molecule could 
be used instead of calcein-AM with equivalent effect. 

In a further embodiment, the assay can be based 
on detection of changes in the egg laying behaviour of 
the nematode or on detecting changes in the amount of 

15 progeny produced by the nematode as indicators of 
SERCA activity. For this embodiment, the nematode 
should express the pest SERCA protein in at least the 
vulva muscles. Activity of the endogenous nematode 
SERCA protein should be abolished or substantially 

20 reduced in the vulva muscles in order to confer 
specificity for the pest SERCA protein. 

Defects associated with reduced SERCA activity in 
the vulva muscles include defects in the production 
and laying of eggs and hence a reduction in the number 

25 of progeny produced. Typically, nematodes with 

reduced SERCA expression in the vulva are not able to 
lay their eggs. The eggs thus hatch inside the 
mother, which then dies. These mothers are easy to 
recognize under the dissection microscope. As a 

30 consequence of the egg laying defect, less progeny are 
produced and hence the culture as a whole grows much 
more slowly. Defects associated with reduced SERCA 
activity have also been observed in the gonad, 
including the sheath cells and the spermatheca. These 

35 defects also result in reduced egg formation and hence 
a reduced egg laying phenotype. 

One convenient way in which the egg production 
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monitored is by counting the number of resultant 
offspring produced. A variety of different techniques 
can be used for this purpose. For example, the 

.5 offspring can be measured directly using the growth 

rate assay and/or the movement assay described below. 
Alternatively, specific antibodies and fluorescent 
antibodies can be used to detect the offspring. Any 
specific antibody that only recognizes eggs, or LI or 

10 L2 or L3 or L4 stage nematodes, will only recognize 
offspring. By way of example, an antibody that 
recognizes an antigen on the surface of C. elegans LI 
larvae has been described by Hemmer et al., (1991) J 
Cell Biol, 115(5): 1237-47. Finally, the number of 

15 eggs or offspring in each well can be counted directly 
using a FANS device. The FANS device is a 'worm 
dispenser apparatus' having properties analogous to 
flow cytometers such as fluorescence activated cell 
scanning and sorting devices (FACS) and is 

20 commercially available from Union Biometrica, Inc, 

Somerville, MA, USA. The FANS device, also designated 
a nematode flow meter, can be the nematode FACS 
analogue, described as fluorescence activated nematode 
scanning and sorting device" (FANS) . The FANS device 

25 enables the measurement of nematode properties, such 
as size, optical density, fluorescence, and 
luminescence and the sorting of nematodes based on 
these properties. 

In a still further embodiment, the assay can be 

30 based on detection of a change in the defecation - 
behaviour of the nematode as an indicator of SERCA 
activity. This embodiment is particularly suitable 
for use when the nematode expresses the pest SERCA 
protein in the anal sphincter or the anal repressor. 

35 In this case, activity of the endogenous nematode 

SERCA protein should be abolished/reduced in the anal 
sphincter or anal repressor in order to confer 
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specificity for the pest SERCA protein. 

A reduction in the SERCA activity in the anal 
sphincter and/or the anal repressor, for example 
following treatment with thapsigargin, results in 
5 nematodes which are constipated and also in nematodes 
with a protruding rectum. Changes in the defecation 
rate of the nematodes can therefore also serve as an 
indicator of SERCA activity. 

Defecation rate can be measured using an assay 
10 similar to that described above for the measurement of 
pharynx pumping efficiency, but using a marker 
molecule which is sensitive to pH. A suitable marker 
is the fluorescent marker BCECF. This marker molecule 
can be loaded into the C. elegans gut in the form of 
15 the precursor BCECF-AM which itself is not 

fluorescent. If BCECF-AM is added to nematodes 
growing in liquid medium the nematodes will take up 
the compound which is then cleaved by the esterases 
present in the C. elegans gut to release BCECF, BCECF 
20 fluorescence is sensitive to pH and under the 

relatively low pH conditions in the gut of C- elegans 
(pH<6) the compound exhibits no or very low 
fluorescence. As a result of the defecation process 
the BCECF is expelled into the medium which has a 
25 higher pH than the C. elegans gut and the BCECF is 
therefore fluorescent. The level of BCECF 
fluorescence in the medium (measured using a 
fluorimeter on settings Ex/Em=485/550) is therefore an 
indicator of the rate of defecation of the nematodes. 
30 Defecation can also be measured using a method 

based on the luminescent features of the chelation of 
terbium by aspirin. The method requires two pre- 
loading steps, first the wells of a multi-well plate 
are pre-loaded with aspirin (prior to the addition of 
35 the nematodes) and second, bacteria or other nematode 
food source particles are pre-loaded with terbium 
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using standard techniques known in the art. C. 
elegans are then placed. in the wells pre-loaded with 
aspirin and are fed with the bacteria pre-loaded with 
terbium. 

5 . The terbium present in the pre-loaded bacteria 

added to the wells will result in a low level of 
background luminescence. When the bacteria are eaten 
by' the nematodes the bacterial contents will be 
digested but the terbium will be defecated back into 

10 the medium. The free terbium will then be chelated by 
the aspirin which was pre-loaded into the wells 
resulting in measurable luminescence. The 
luminescence thus observed is therefore an indicator 
of nematode defecation. 

15 In a still further embodiment, the assay may be 

based on the use of growth rate as an indicator of 
SERCA activity. 

It has been observed that a reduction in SERCA 
activity, for example using inhibition by thapsigargin 

20 or double stranded RNA inhibition, results in a 

reduction in the growth rate of a- C. elegans culture. 
Growth rate of the culture as a whole is reduced 
because the nematodes produce fewer progeny and also 
because the few progeny that are produced show 

25 poor/delayed growth. Cultures of nematodes which 

produce many healthy progeny grow faster than cultures 
of nematodes with few and/or sick progeny. Hence 
measurement of the growth rate of a culture of C. 
elegans is in indication of the activity of SERCA in 

30 the individual nematodes of the culture. 

Growth rate can be monitored by measuring the 
number of eggs or the number offspring present in the 
culture, by measuring the total fluorescence in the 
culture (this can be autof luorescence, or fluorescence 

35 caused by a transgene encoding a f lourescent or 

luminescent protein) , but can also be measured using 
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the growth rate of a culture of C. elegans can also be 
assayed by measuring the turbidity of the culture. In 
order to perform this A turbidity assay' the nematodes 
5 are grown in liquid culture in the presence of E. coli 
or other suitable bacterial food source. As the 
culture of nematodes grows the food source bacteria 
will be consumed. The greater the number of nematodes 
in the culture, the more food source bacteria will be 

10 digested. Hence, measurement of the turbidity or 

optical density of the liquid culture will provide an 
indirect indication of the number of nematodes in the 
culture. By taking sequential measurements over a 
period of time it is possible to monitor the growth 

15 rate of the whole C. elegans culture. 

As an alternative to the above-described methods, 
the growth rate and amount of progeny can be measured 
on a plate. Slow growing nematodes, nematodes with 
vulva defects and nematodes with gonad defects will 

20 produce less progeny within a certain time compared to 
nematodes which do not have these defects. 
Preferentially, the amount of offspring produced is 
scored on day five and on day eight. In experiments 
where the amount of offspring is reduced very 

25 drastically due to severe defects in the vulva, gonad 
or growth rate reduction, the offspring can^also be 
scored at later time intervals. 

In a still further embodiment, the assay may be 
based on detecting changes in the movement behaviour 

30 of C. elegans as an indicator of SERCA activity. This 
embodiment is particularly suitable for use 'when the 
nematodes express the pest SERCA protein in at least 
the body wall muscles. At the same time, activity of 
the endogenous nematode SERCA protein should also be 

35 abolished/reduced in at least the body wall muscles in 
order that the assay is specific for the pest SERCA 
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protein. 

SERCA is widely expressed in the muscles of C. 
elegans, including the muscles of the body wall. A 
reduction of SERCA activity in the body wall muscles 
■5. gives rise to nematodes with movement defects. Thus, 
movement defects can be used as the basis of an assay 
in which the nematodes are contacted with a compound 
under test and any changes in the movement behaviour 
of the nematodes are observed as an indication of 
10 SERCA activity. Compounds which cause defective 

movement behaviour ' are scored as compounds capable of 
down-regulating the activity of SERCA. 

Changes in the movement behaviour of the 
nematodes can obviously be detected by visual 
15 inspection, but as an alternative a number of -non- 
visual approaches for analysing the movement behaviour 
of nematodes have been developed which can be 
performed in a multi-well plate format and are 
therefore suitable for use in high-throughput 
20 screening. Nematode worms that are placed in liquid 
culture will move in such a way that they maintain a 
more or less even (or homogeneous) distribution 
throughout the culture. Nematode worms that are 
defective in movement will precipitate to the bottom 
25 in liquid culture. Due to this characteristic of 

nematode worms as result of their movement phenotype, 
' it is possible to monitor and detect the difference 
between nematodes that move and nematodes that do not 
move. Advanced multi-well plate readers are able to 
30 detect sub-regions of the wells of multi-well plates. 
By using these plate readers it is possible to take 
measurements in selected areas of the surface of the 
wells of the multi-well plates. If the area of 
measurement is centralized, so . that only the middle of 
35 the well is measured, a difference in nematode 

autof luore'scence (fluorescence which occurs in the 
absence of any external marker molecule) can be 
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observed in the wells containing a liquid . culture of 
nematodes that move normally as compared to wells 
containing a liquid culture of nematodes that are 
defective for movement. For the wells containing the 
5 ■ nematodes that move normally, a low level of 

autofluorescence will be observed, whilst a high level 
of autofluorescence can be observed in the wells that 
contain the nematodes that are defective in movement. 
In an adaptation of the movement assay, 
10 autofluorescence measurements can be taken in two 

areas of the surface. of the well, one measurement in 
the centre of the well, and on measurement on the edge 
of the well. Comparing the two measurements gives 
analogous result's as in the case if only the centre of 
15 the well is measured but the additional measurement of 
the edge of the well results in an extra control and 
somewhat more distinct results, 

As an alternative to the above-described 
embodiments of the assay which are all based on the 
20 observation of changes in phenotypic and/or 

behavioural characteristics of the nematode as an 
indicator of SERCA activity, the assay may be based on 
detection of intracellular Ca 2+ levels as an indicator 
of SERCA activity in a given cell type or tissue. 
25 This may be accomplished using a marker molecule which 
is sensitive to changes in intracellular Ca 2+ such as, 
for example, apoaequorin. 

Aequorin is a calcium-sensitive bioluminescent 
protein from the jellyfish Aequorea victoria. 
30 Recombinant apoaequorin, which is luminescent in the 

presence of calcium but not in the absence of calcium, 
is most useful in determining intracellular calcium 
concentrations and even calcium concentrations in sub- 
cellular compartments. Expression vectors suitable 
35 for expressing recombinant apoaequorin and, in 

addition, vectors expressing apoaequorin proteins 
which are targeted to different sub-cellular 
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compartments, for example the nucleus, the 
mitochondria or the endoplasmic reticulum are 
available commercially (e.g. from Molecular probes, 
Eugene, OR, USA) . 
5 As SERCA is a endoplasmic reticulum-localized 

calcium pump, an apoaequorin that is targeted to the 
endoplasmic reticulum (hereinafter referred to as 
erAEQ) is particularly useful for developing assays 
for SERCA activity. The vector erAEQ/pcDNAI 

10 (Molecular Probes) contains an Igy2b heavy chain gene 
from mouse, an HA1 epitope and a recombinant 
apoaequorin in fusion. The mouse gene targets the 
apoaequorin to the endoplasmic reticulum, and the 
apoaequorin is mutated to make it less sensitive to 

15 calcium, as the concentrations of this ion are 
relatively high in the endoplasmic reticulum. 
Although apoaequorin is the calcium sensor of choice, 
it would be apparent to persons skilled in the art 
that any other calcium sensor localized in the 

20 endoplasmic reticulum could be used with equivalent 
effect . 

Plasmid expression vectors which drive expression 
of the ER-localized apoaequorin in C. elegans can be 
easily constructed by cloning nucleic acid encoding 

25 erAEQ downstream of a promoter capable of directing 
gene expression in one or more tissues or cell types 
of C. elegans, such that the promoter and the erAEQ- 
encoding sequence are operably linked- In a typical 
cloning procedure, the apoaequorin gene in fusion with 

30 the signals needed to locate the resulting protein to 
the endoplasmic reticulum was isolated from 
erAEQ/pcDNAI by EcoRI digestion and cloned into 
pBlue2SK. The erAEQ was then isolated as an 
EcoRI/Acc65I fragment by partial digestion and cloned 

35 in the vector pGK13 digested with the same enzymes. 

pGK13 is a plasmid vector containing a 2915bp fragment 
of the upstream region of the C. elegans sca-1 gene. 
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Suitable promoters which may be included into an 
expression vector to drive erAEQ expression include 
the pharynx-specific promoter myo-2, the C. elegans 
sca-1 promoter which directs expression in a wide 

5 range of muscle tissues and the body wall muscle- 
specific promoter myo-3. The vectors can then be used 
to construct transgenic C. elegans according to the 
standard protocols known to those of ordinary skill in 
the art. Expression of erAEQ allows for the 

10 determination of the calcium levels in the endoplasmic 
reticulum of various C. elegans cells and tissues, 
using the protocols of the manufacturer of erAEQ, or 
minor modifications thereof. Alterations in SERCA 
activity influence the concentration of calcium in the 

15 endoplasmic reticulum as SERCA functions as an 
endoplasmic reticulum calcium pump. Hence the 
apoaequorin luminescence measured in. the assay is 
directly related to SERCA activity. 

To perform a compound screen using one of the 

20 aforementioned indicators of SERCA activity nematodes 
are exposed to a variety of test compounds and 
compounds are selected which induce a change in the 
chosen indicator of SERCA activity. In a typical 
compound screen a plurality of tests may be run in 

25 parallel containing different concentrations of the 
test compound. For comparison purposes a negative 
control (zero concentration of test compound) may be 
included. Automated measuring allows the assay to be 
performed in mid-to-high throughput format. The 

30 precise concentration of the candidate compound to be 
tested in the screening method may vary according to . 
the nature of the compound and such factors as 
solubility etc. It is advantageous to test a range of 
concentrations of the candidate compound. 

35 Concentrations in the range of about 5 ]iM to about 
2000 pM are generally, observed to be suitable. In 
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general it is desirable to select a concentration 
which produces a detectable change in the worm as 
compared to the appropriate negative control (i.e. 
worms not exposed to the compound) , ignoring non- 
5 specific effects. It is to be noted that the chosen 
concentration need not necessarily an amount which 
would be considered a 'pesticidal' dose. 

It is not strictly essential to screen on a pest- 
10 derived SERCA protein in order to identify SERCA 
inhibitors having the potential to kill pests. 
Screens can also be performed using nematodes which 
exhibit wild-type activity of the endogenous nematode 
SERCA protein. Compounds which inhibit the endogenous 
15 nematode SERCA protein may also inhibit SERCA proteins 
from pest species. 

Therefore, in a second aspect the invention 
provides a further nematode-based screening method 
which does not require the use of a pest-derived SERCA 
20 protein. This method comprises steps of: 

- providing microscopic nematodes which exhibit 
wild-type activity of the endogenous nematode SERCA 
protein; and 

detecting a phenotypic, biochemical or 
25 behavioural indicator of SERCA activity in the 
nematodes in the presence or absence of test 
compounds; 

wherein a reduction in SERCA activity in the 
presence of a compound is taken as an indication that 
30 the compound has the potential to kill pests. 

This method may also be used to identify 
compounds which have pesticidal activity because they 
directly or indirectly affect the activity of the 
35 SERCA protein. . Therefore, according to this aspect of 
the invention there is also provided a method of 
identifying compounds capable of down-regulating the 
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activity of a sarco/endoplasmic reticulum calcium 
ATPase, which method comprises: 

providing microscopic nematodes which exhibit 
wild-type activity of the endogenous nematode SERCA 

5 protein; 

detecting a phenotypic, biochemical or 
behavioural indicator of SERCA activity in the 
nematodes in the presence or absence of test 
compounds ; and 

10 thereby identifying compounds capable of down- 

regulating the activity of SERCA. 

These screening methods are again most preferably 
carried out using C. elegans, although it will be 
15 appreciated that the methods could be carried out 
using other microscopic nematode species. 

An .example of a C. elegans strain which exhibits 
wild-type SERCA activity is the N2 strain, available 
from the C. elegans Genetic Center (CGC) at the 
20 University of Minnesota, St Paul, Minnesota, USA. In 
a preferred embodiment- the screening method may be 
carried out using the N2 strain. The N2 strain has 
been particularly well characterised in the literature 
with respect to properties such as pharynx pumping 
25 rate, growth rate and egg laying capacity (see Methods 
in Cell Biology, Volume 48, Caenorhabditis elegans: 
Modern biological analysis of an organism, ed. by 
Henry F. Epstein and Diane C. Shakes, 1995 Academic 
Press; The nematode Caenorhabditis elegans, ed. by 
30 William Wood and the community of C. elegans 

researchers., 1988, Cold Spring Harbor Laboratory 
Press; C. elegans II, ed. by Donald L. Riddle, Thomas 
Blumenthal, Barbara J. Meyer and Jarties R. Priess, 
1997, Cold Spring Harbor Laboratory Press.). 
35 The screening methods may also be carried out 

using a C. elegans strain other than N2 which exhibits 
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similar SERCA activity to N2. This may be a mutant 
strain or a transgenic strain. 

A range of C. elegans mutants may be obtained 
from the C. elegans mutant collection at the C. 
5 elegans Genetic Center, University of Minnesota. 

Alternatively, specific mutants may be generated by 
standard methods known in the art. Suitable methods 
are described by J. Sutton and J. Hodgkin in "The 
Nematode Caenorhabditis elegans" , Ed. by William B. 

10 Wood and the Community of C. elegans Researchers CSHL, 
1988 594-595; Zwaal et al, "Target - Selected Gene 
Inactivation in Caenorhabditis elegans by using a 
Frozen Transposon Insertion Mutant Bank'' 1993 , Proc. 
Natl. Acad. Sci. USA 90 pp 7431 -7435. A population 

15 of nematodes can be subjected to random mutagenesis by 
using EMS, TMP-UV or radiation (Methods in Cell 
Biology, Vol 48, ibid). Several selection rounds of 
PCR may then be performed to select a mutant with a 
deletion in a desired gene. 

20 In a preferred embodiment, the screening methods 

may be carried out using a constitutive pharynx 
pumping strain of C. elegans. 

Phenotypic, behavioural or biochemical indicators 
of the activity of the endogenous nematode SERCA 

25 protein which can be used as the basis of the 

screening method include pharynx pumping efficiency/ 
egg laying behaviour, mating behaviour, defecation 
behaviour, growth rate, movement behaviour, life/death 
of the nematode and intracellular Ca 2+ concentration. 

30 The methods described above for the measurement of 

these characteristics are equally applicable to this 
second aspect of the invention. 



35 



In a third aspect the invention provides a method 
of identifying compounds having pesticidal activity 
which is carried out in cultured cells as opposed to 
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whole organisms. This method comprises steps of: 
providing cultured cells expressing a SERCA 

protein; and 

detecting a phenotypic, biochemical or 
behavioural indicator of SERCA activity in the cells 
in the presence' or absence of test compounds; 

wherein a reduction in SERCA activity in the 
presence of a compound is taken as an indication that 
the compound has pesticidal activity. 

According to this aspect of the invention there 
is also provided a method of identifying compounds 
capable of down-regulating the activity of a 
sarco/endoplasmic' reticulum calcium ATPase, which 
method comprises: 

providing cultured cells expressing a SERCA 
protein; 

detecting a phenotypic, biochemical or 
behavioural indicator of SERCA activity in the cells 
in the presence or absence of test compounds; and 

thereby identifying compounds capable of down- 
regulating the activity of SERCA. 

These screening methods may be collectively 
referred to hereinafter as the "cell culture" assays. 

In one embodiment of the cell culture assays, the 
cultured cells may be cells derived from a pest 
species which express the endogenous pest SERCA 
protein. This may be a cultured primary cell line or 
a continuous, transformed cell line. The cell line 
will be capable of growth in culture, preferably 
monolayer or suspension culture. Various examples of 
suitable cell lines derived from pest species are 
known in the art. Many of these are derived from 
insect species, for example Heliothis virescens (Lynn, 
Development and characterisation of insect cell lines, 
Cytotechnology, 20: 3-11, 1996). Methods of culturing 
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insect cell lines are well known in the art and 
described, for example, by Maramorosch and Mcintosh, 
Arthropod cell culture systems, 1994, ISBN: 0849376424, 
and Lynn & Shapiro, New cell lines from Heliothis 
■5 virescens: Characterization and susceptibility to 
baculoviruses, 1998, 72: 276-280. 

The use of cell lines derived from a pest species 
allows screening on the endogenous pest SERCA protein 
expressed in the cell line. In further embodiments, 
10 the cell culture assays may be based on the use of 

cultured cells which have been engineered to express a 
pest SERCA protein. In particular, the assays may be 
carried out using eukaryotic host cells containing an 
expression vector comprising nucleic acid encoding the 
15 pest SERCA protein. 

Suitable expression vectors will include a 
sequence of deoxynucleotides encoding the pest SERCA 
protein, including a start codon (usually AUG) and a 
termination codon for detachment of the ribosome, and 
20 also regulatory elements required for expression of 
the encoded SERCA protein in a eukaryotic host cell. 
Such regulatory elements may include a promoter 
region, preferably one which is recognised by RNA 
polymerase II, optionally one or more additional 
25 transcriptional regulatory elements (e.g. enhancer 
elements) and also a terminator sequence and 
downstream polyadenylation signal. The vector may 
also possess an origin of replication allowing 
replication in prokaryotic cells and one or more 
30 selectable markers, such as a gene for antibiotic 
resistance. A wide range of suitable expression 
vectors into which nucleic acid encoding the pest 
SERCA protein may be inserted are available 
commercially. The expression vector will preferably 
35 be a plasmid vector, although virus and phage-based 

vectors designed for protein expression in eukaryotic 
host cells may also be used. 
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The eukaryotic host cells may be a cell line 
capable of growing in monolayer or' suspension culture 
and will preferably not express high levels of an 
endogenous SERCA protein (i.e. the SERCA protein 

.5 encoded in the genome of the host cell). Fibroblast 
cell lines or epithelial cell lines are most 
preferred. Suitable cell lines include. COS1, BHK21, 
L929, PC12, CV1, SWISS3T3, HT144, IMR32, HEPG2, MDCK, 
MCF7, HEK293, Hela, A549, SW48 and G361. However, 

10 this list is not exhaustive. 

Methods of transfecting expression vectors into 
eukaryotic host cells are well known in the art (see 
"Current Protocols in Molecular Biology' , Ed Ausubel 
et al., John Wiley & Sons, Inc) . Most preferably the 

15 host cell will be stably or permanently transfected 
with the expression vector such that it is retained 
through many cell divisions. However,- it is also 
within the scope of the invention to use cells which 
are transiently transfected with the expression 

20 vector. 

As with the nematode-based screening methods, the 
cell culture assays rely on detection of an indicator 
of SERCA activity in the presence or absence of a test 
compound. Suitable indicators of SERCA activity in 

25 cultured cells include intracellular Ca 2+ levels, in 
particular Ca 2+ levels in the endoplasmic reticulum, 
and cell death or apoptosis. 

Suitable methods for the measurement of . 
intracellular Ca 2+ levels in cultured cells are based 

30 on fluorescent calcium indicators excited by 

ultraviolet light, such as fura-2, indo-2 , quin-2 or 
visible light such as fluo-3 and rhod-2 that are 
available from Molecular Probes, Eugene, USA. The 
acetoxymethyl esters can passively diffuse across cell 

35 membranes to avoid the use of invasive loading 

. techniques. Once inside the cells, these esters are 
cleaved by intracellular esterases to yield 
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cell-impermeant fluorescent calcium indicators. 

These indicators can be used to perform screens 
in a high throughput set-up. The test compound is 
usually added directly prior to the fluorescent 
5 indicator, but the screen. can also be performed by 

pre-incubating the cells with the test compound for an 
incubation time of, for example, 1 min, 5 min, 10 min 
or 30 min. Fluorescence can be measured directly 
after the addition of the indicator, but it is 

10 preferred to take fluorescence measurements over a 

period of time, for example every 10 minutes for one 
hour. Fluorescence data from typical experiments show 
that measurements after 10 to 15 minutes are generally 
sufficient to determine the calcium levels in the 

15 cell. 

Quantitative determination of Ca 2+ levels in the 
endoplasmic reticulum of cultured eukaryotic cells can 
be carried out using the bioluminescent calcium 
indicator aequorin, or the recombinant form 

20 apoaequorin, available from Molecular Probes, Eugene, 
OR, USA. To target aequorin to specific organelles 
such as the cytoplasm or endoplasmic reticulum, 
cultured cell lines may be transiently or stably 
transfected with an aequorin expression vector 

25 containing the aequorin structural gene. Once cells 
have been transfected with aequorin, they are 
' incubated in a medium containing the cell-permeant 
coelenterazine or one of its analogs that are 
available from Molecular Probes, Eugene, USA in order 

30 to reconstitute the aequorin complex. After formation 
of the active aequorin complex, intracellular Ca 2+ 
levels are measured by assaying cells for light 
production using a luminometer. 

Screens based on the use of aequorin may be 

35 performed in- multiwell plates. The test compound can 
be added prior to the addition of the aequorin 
substrate, but can also be added in time intervals 
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before or after the addition of the substrate. 
Luminescence can be measured directly after the 
addition of the substrate, but preferentially 
luminescence measurements are performed over time 

.5 ranges every 10 minutes for one hour after addition of 
the substrate. Luminescence data from typical 
experiments show that measurements after 10 to 15 
minutes are sufficient to determine Ca 2 * levels in the 
endoplasmic reticulum. 

XO Yet another method for measuring intracellular 

. Ca 2+ levels is by use of green fluorescent based 
calcium indicator "cameleon". This method is 
described by Tsien et al, WO98/40477. The cameleon 
calcium indicator can be transiently or stably 

15 expressed in mammalian, plant, insect or other pest 

cell lines and fluorescence ratio imaging of cameleon 
allows time-dependent measurements of intracellular , 
calcium levels (Allen GJ et al., 1999. Cameleon 
calcium indicator reports cytoplasmic calcium dynamics 

20 in Arabidopsis guard cells. Plant J., 19:735-47). 

Cameleon fluorescence can be measured directly after 
the addition of the test compound or fluorescence 
measurements can be taken at various time intervals 
after addition of the test compound. 

25 The cell culture assays may also be based on the 

use of cell death or apoptosis as an indicator of 
SERCA activity in the cell. Methods to determine cell 
death are well described by Barile Frank in 
Introduction to in vitro cytotoxicology : mechanisms 

30 and methods . 1994 . ISBN 0849386594. Most of the 
methods described therein can be performed using 
standard kits which are commercially available, for 
example from Molecular Probes or Boehringer Mannheim. 
Inhibition of SERCA activity leads to apoptosis which 

35 can easily measured using specific apoptotic labels as 
has been described by Smits et al. in WO 99/64586. 
A variation on the cell culture assay may be 
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based on measurement of calcium levels in isolated 
microsomes rather than intact cultured cells. 
Techniques for isolation of microsomes are known to 
those skilled in the art. Isolated microsomes are 
5 placed in a solution containing radioactively labelled 
calcium and ATP . After 10 minutes incubation the 
amount of radioactivity inside the microsomes is 
measured in a beta-counter. This approach has been 
described by Dode, L. et al., 1998. Structure of the 

10 human sarco/endoplasmic reticulum Ca 2+ -ATPase 3 gene. 
Promoter analysis and alternative splicing of the 
SERCA3 pre-mRNA. J.Biol. Chem. 273: 13982-13994. Once 
again the test compound can be added at several time 
intervals after the isolation of the microsomes, and 

15 prior or after the addition of the radioactive 
calcium. 

The cell culture assays will preferably be 
carried out in multi-well plates of the type well 
known in the art for use in mid-to-high-throughput 

20 screening. In the case of cells engineered to express 
the pest SERCA protein, non-transf ected host cells may 
also be exposed to the test compounds in order to 
control for expression of the endogenous host SERCA 
protein, i.e. to determine the selectivity of the 

25 assay for the pest SERCA protein. The . non-transf ected 
control cells may also be used to assess general 
toxicity of the test compounds. 

The precise concentration of the candidate 
compound to be tested in the screening method may vary 

30 according to the nature of the compound and such 

factors as solubility etc. An initial test may be 
performed using a single concentration of 10 pM. 
Interesting compounds may then be re-tested to 
establish a dose-response curve, for example using 
35 concentrations of 300 pM, 10.0 pM, 30 pM, 10 pM, 3 pM, 
1 pM, 0.3 pM, 0.01 pM and 0.003 pM and a zero 
concentration negative control. In general, a dose- 
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response curve with concentrations between 300 pM and 
0.001 pM is sufficient. 

The above-described screening methods of the 
invention, both the nematode-based assays and the cell 

■5 culture assays, may all be used to identify compounds 
which have pesticidal activity because of their 
ability to down-regulate the activity of SERCA 
proteins, particularly SERCA proteins derived from 
pest species. Included within the category of 

10 'compounds which down-regulate SERCA activity 7 may be 
compounds which act directly on the SERCA protein, 
including SERCA inhibitors and antagonists. The 
screens may also identify compounds which act 
indirectly to down-regulate SERCA activity, for 

15 example by affecting regulation of SERCA activity or 
expression of the SERCA protein. In addition, the 
screens may also identify compounds that modulate the 
activity of other proteins in the SERCA pathway, such 
as proteins involved in the calcium homeostasis of the 

20 cell. 

There is no limitation on the types of candidate 
compounds to be tested in the screening methods of the 
invention. Test compounds may include compounds 
having a known pharmacological or biochemical 

25 activity, compounds having no such identified activity 
and completely new molecules or libraries of molecules 
such as might be generated by combinatorial chemistry. 
Compounds which are DNA, RNA, PNA, polypeptides or 
proteins are not excluded. 

30 Compounds identified as having pesticidal 

activity using the nematode-based assay, particularly 
the assays which do not involve a target pest SERCA 
protein, may be re-tested in a cell culture assay, for 
example to assess toxicity of the compound or to 

35 assess the specificity of the compound for a pest 
SERCA protein. * 

The invention further provides compounds 



WO 02/33405 



PCT7TB0 1/02391 



- 36 - 

identified as having the potential to kill pests using 
the methods of the invention. Such compounds are 
potential pesticides or can be considered as lead 
compounds for the development of novel pesticides, 
5 including insecticides, herbicides, nematocides and 
rodenticides. Furthermore, compounds identified as 
having pesticidal activity against parasitic pest 
species using the screening methods described herein 
may have potential utility as anti-parasitic agents or 
10 as lead compounds in the development of anti-parasitic 
agents useful in the treatment of parasitic infections 
in humans and animals. 



The -invention will be further understood with 
15 reference to the following experimental Examples, 
together with the accompanying Figures in which: 

Figure 1 is an alignment of SERCA cDNA sequences from 
plant species,, indicating consensus 
20 sequences and primer locations. 



25 



30 



35 



Figure 2 is a general alignment of SERCA cDNA 

sequences, indicating consensus sequences 
and primer locations . 

Figure 3 shows the complete nucleotide sequence of a 
plasmid construct comprising the Arabidopsis 
SERCA cDNA in the vector pcDNA3. 

Figure 4 shows the complete nucleotide sequence of a 
plasmid construct comprising the Heliothis 
SERCA cDNA in the vector pcDNA3. 

Figure 5 shows the complete nucleotide sequence of a 
plasmid construct comprising the Heliothis 
SERCA cDNA cloned in the vector pDW2600 
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(containing the sca-1 promoter) . 

Figure 6 shows the complete nucleotide sequence of a 
plasmid construct comprising the Arabidopsis 
5 SERCA cDNA cloned in the vector pDW2600 

(containing the sca-2 promoter) - 

Figure 7 shows the complete nucleotide sequence of 
- the plasmid pDW2700. 

0 

Figure 8 shows the complete nucleotide sequence of 
the plasmid pDW2800. 

Figure 9 shows the complete nucleotide • sequence of 
5 the plasmid pDW2400. 

Figure 10 shows the complete nucleotide sequence of 
the plasmid pDW2422. 

0 Figure 11 shows the complete nucleotide sequence of 

the plasmid pDW2721, comprising DNA encoding 
GFP cloned into pDW2700. 



5 Figure 12 illustrates the nucleotide sequence of the 

genomic fragment of C. elegans SERCA bounded 
by primers SERCA P4 and SERCA P8- Exon IV 
and exon V are shown in capitals, intron IV 
in lower case. The fragment deleted in 

0 okl90 is underlined. 

Figure 13 shows the nucleic acid sequence of a 732bp 
EcoRI-Hindll fragment of C. elegans SERCA 
exon 5. This fragment was cloned into pGEM3 
15 for use in RNA inhibition experiments. 
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Figure 14 shows the nucleic acid sequence of a 11207bp 
Spel-Mlul fragment of cosmid K11D9. This 
fragment contains the complete C. elegans 
SERCA gene with 5631bp of upstream sequence, 
the entire coding region and 108 8bp of 
downstream sequence. The fragment was 
cloned into pUC18 to give plasmid pGK7. 

Figure 15 shows the nucleic acid sequence of a 5026 bp 

fragment 'of the upstream region of C. 

elegans SERCA, up to and including A of the 
initiating ATG. 

Figure 16 shows the nucleic acid sequence of a 2915bp 
fragment of the upstream region of C. 
elegans SERCA, as found in plasmid pGKl3. 

Figure 17 shows the nucleic acid sequence of a 6612bp 
fragment of the C. elegans SERCA gene 
containing 5'637bp of upstream sequence and 
ending in exon 4 . 

Figure 18 shows the nucleic acid sequence of the long 
isoform of the C. elegans SERCA cDNA. 

Figure 19 shows the nucleic acid sequence of the C. 
elegans myo-2 promoter. 

Figure 20 shows the nucleic acid sequence of the C. 
) elegans myo-3 promoter. 

Figure 21 shows the nucleic acid sequence of the C. 

elegans vulval muscle enhancer. This is an 
enhancer element from ceh-24 that directs 
5 ' gene expression in the vulval muscles (Harfe 

and Fire, 1998, Developmental 125: 421-429) 
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Figure 22 shows a dose-response curve for thapsigargin 

produced using a liquid culture assay. 

Figure 23 shows a dose response curve for thapsigargin 
produced using a plate assay. 



Examples 



10 



General Me thodology 

Molecular biology work, such as cloning, PCR etc 
may be performed as described by Sambrook et al. 
Molecular cloning, A Laboratory Manual, Cold Spring 
15 Harbor Laboratory Press or Ausubel et al. Current 

Protocols in Molecular Biology, John Wiley & Sons, Inc 
or using minor modifications of the methods described 
therein. 

Manipulations of C. elegans worms may be 
20 performed using techniques described in Methods in 

Cell Biology, vol 84; Caenorhabditis elegans: modern 
biological analysis of an organism, ed. Epstein and 
Shakes, Academic Press, 1995, or using minor 
modifications of the methods described therein. 



25 



Example 2 Cloning and Exp ression: 



30 



Vectors 

pDW2700 general cloning vector containing C. elegans 
myo-2 promoter (Figure 7) . 



pDW2800 general cloning vector containing C. elegans 
myo-3 promoter (Figure 8) . 



35 



pDW2400 



general cloning vector containing C. elegans 
egl-15 promoter (Figure 9) . 
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pDW2422 general cloning vector containing C. elegans 
ceh-24 promoter (Figure 10) . 

pDW2721 cloning vector comprising DNA encoding GFP 
5 cloned into in pDW2700.- 

Cloning of pest SERCA cDNAs 

A number of pest SERCA cDNA sequences are 
available in databases such as GenBank. Further 

10 sequences can be cloned using standard PCR technology. 
Pest SERCA cDNAs can be cloned into standard 
expression vectors to enable expression in C. elegans 
or in cultured mammalian cells. By way of example, 
the complete nucleotide sequences of plasmids that 

15 enable the expression of Heliothis insect SERCA and 

Arabidopsis plant SERCA in C. elegans are shown in the 
accompanying Figures. These plasmids contain SERCA- 
encoding DNA cloned under the control of the C. elegans 
SERCA (sca-2) promoter. The complete nucleotide 

20 sequences of plasmid constructs comprising the 

Heliothis SERCA cDNA and the Arabidopsis SERCA cDNA in 
the vector pcDNA3 are also shown. 

Primers for ' cloning Arabidopsis and Heliothis SERCA in 
25 pcDNA3: 

Arabidopsis SERCA 

Forward primer : cgatggatccatggaagacgcctacgccag 
Reverse primer : CGATGGGCCCCTACTTGTCACGCCGGTCC 

30 

Heliothis SERCA 

Forward primer : cgatggatccatggaggacgctcactcgaaatc 
Reverse primer : CGTAGGGCCCTTACAGCTTCCACGTCGGCTG 



35 
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Strategy for cloning novel pest SERCA cDNAs 

1. Assemble multiple alignment of known pest SERCA 
protein sequences with ClustalW, 

2. Make Blocks using program accessible at 
. 5 http: //blocks, fhcrc.org/blockmkr/ , 

3. Design primers using CODEHOP (Rose, et al . (NAR 
26: 1628-1635), 

4. Select primers from conserved regions, 

5. PCR on pest cDNA using appropriate primer 
10 combinations , 

6. Clone PCR fragments into appropriate cloning 
vector, 

7. Isolate full length cDNA sequence, for example 
using 3' or 5' RACE or by hybridisation 

15 techniques, e.g. cDNA library screening, using 

labelled cDNA fragments as probes. 

Construction of chimeric SERCA proteins 

The introduction of pest SERCA into C. elegans, 

20 the latter being a SERCA mutant such as okl90 or a 
wild-type strain where the endogenous SERCA is 
inhibited, for example by RNAi technology, will result 
in rescue of the mutant phenotypes, but maybe not to 
the full extent. This could be due, for example, to 

25 different kinetic properties of the C. elegans and 

pest SERCA proteins. Using chimeric fusion proteins 
will overcome this problem. A fusion protein may be 
constructed that has sufficient properties of the C. 
elegans SERCA for rescue of the mutant phenotype, and 

30 has those pest SERCA properties sufficient in a screen 
to select for compounds that alter the pest SERCA 
activity. 

At least four types of fusion proteins are 
contemplated : 

35 1) A fusion protein harboring the - terminal end of 

the C. elegans SERCA and the C-terminal part of a pest 
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SERCA, 

2) A fusion protein harboring the N-terminal part of a 
pest SERCA and the C-terminal part of the C. elegans ■ 
SERCA. 

-5 3) A fusion protein harboring the C- and - terminal 

part of the C. elegans SERCA and an internal part of a 
pest SERCA. 

4) A fusion protein harboring the C- and - terminal 
part of a pest SERCA and an internal part of the C. 
10 elegans SERCA. 

Such fusion proteins can easily be constructed using 
standard molecular biology techniques . 

15 Example 3 RNAi : 

General strategy 

Although primary RNAi experiments indicate that 
the level of expression the SERCA protein needs to be 
fine-tuned for the survival of the C. elegans 

20 nematode, strains in which the level of SERCA activity 
is reduced, in particular strains in which SERCA 
activity is reduced in a single tissue, are probably 
still viable. Due to the sensitivity of C. elegans to 
the level of SERCA activity this could result in a 

25 recognisable phenotype, such as reduced pharyngeal 
pumping, vulva muscle defects, and hence egg laying 
defects, anal repressor and anal sphincter defects, 
and hence defecation defects, and body wall muscle 
defects, and hence movement defects. The phenotypic 

30 defects in such strains can be complemented by 

expression of a pest SERCA protein in the appropriate 
tissues in order to restore SERCA function to 
substantially wild-type. 

The expression levels of SERCA in C. elegans can 

35 be specifically reduced by using antisense technology 
or double stranded RNA inhibition. The use of 
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antisense technology to specifically reduce expression 
of a given protein is well known. For the expression 
of antisense RNA in the worm, the non-coding strand of 
a fragment of the sea -2 gene can be expressed under 
5 the control of the sca-1, myo-2 or myo-3 promoter or 
any other promoter. The expression of the antisense 
SERCA RNA will result in the inhibition of expression 
of SERCA. 

Antisense technology can be used to control gene 

10 expression through triple-helix formation of antisense 
DNA or RNA, both of which methods are based on binding 
of a polynucleotide to DNA or RNA. For example, the 
5' coding portion or the mature protein sequence, 
which encodes for the SERCA protein, is used to design 

15 an antisense RNA oligonucleotide of from 10 to 50 base 
pairs in length- The antisense RNA oligonucleotide 
hybridises to the mRNA in vivo and blocks translation 
of an mRNA molecule into the protein (Okano, J. 
Neurochem., 56:560 (1991); Oligodeoxynucleotides as 

20 Antisense Inhibitors of Gene Expression, CRC Press, 
Boca Raton, FL (1988)). A DNA oligonucleotide is 
designed to be complementary to a region of the gene 
involved in transcription (triple-helix - see Lee et 
al. Nucl. Acids Res., 6:3073 (1979); Cooney et al., 

25 Science, 241:456 (1988); and Dervan et al., Science, 

251: 1360 (1991), thereby preventing transcription and 
the production of the protein. 

In order to perform an antisense experiment in C. 
elegans, an EcoRI-Hind III fragment of SERCA exon 5 

30 was, cloned antisense under the control of the myo-2 
promoter, the myo-3 promoter, the SERCA promoter or 
the ceh-24 enhancer and injected into C. elegans. 
These vectors result in the expression of an antisense 
SERCA RNA, and hence in inhibition of SERCA activity. 

35 As an alternative to the antisense approach, the 

expression of a given gene in a cell can also be 
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specifically reduced by introducing into the cell 
double stranded RNA corresponding to a region of the 
transcript transcribed from the gene. Double stranded 
RNA can be prepared by cloning an appropriate fragment 

.5 into a plasmid vector containing opposable promoters. 

A suitable example is the pGEM® series of vectors from 
Promega Corporation, Madison, WI, USA, which contain 
opposable promoters separated by a multiple cloning 
site. When the plasmid vector is transformed or 

10 transfected into a host cell or organism which 

expresses the appropriate polymerases, RNA will be 
transcribed from each of the promoters. As the vector 
contains two promoters oriented in the opposite sense, 
complementary sense and antisense transcripts will be 

15 transcribed which will combine to form double stranded 
RNA. The injection of double stranded RNA in C. 
elegans has previously been described (Fire et al, 
Potent and Specific Genetic Interference by Double- 
Stranded RNA in C. elegans 1998, Nature 391. 860-811). 

20 

inhibition of expression of C . elegans SERCA (sca-1) 
using RNAi . 

732 bp EcoRI-Hindlll fragment from C. elegans 
SERCA exon 5 (SEQ ID NO: 1) was PCR amplified and 

25 cloned into the vector pGEM3 (PROMEGA corporation, 

Madison, WI, USA) . RNA was in vitro transcribed from 
both strands using standard procedures. The generated 
double stranded RNA was injected into C. elegans (see 
Fire at al . , 1998, Nature 391:806-811). This resulted 

30 in the following phenotypes : 50% of the progeny of the 
injected animals were embryonic lethal, while the 
other 50% were early larval lethal. This indicates 
that SERCA function is vital for C. elegans. In 
conclusion, inhibition of the expression of SERCA in 

35 all tissues results in embryonic or early larval 
lethality of the nematode. 



WO 02/33405 



PO7TB01/02391 



- 45 - 

Inhibition of SERCA using RNAi feeding technology 

Improved RNAi methods which lead to more stable 
RNAi phenotypes exist and are described, for example 
in International patent application No. WO 00/0184 6. 
•5 More particularly, an RNAi technology has been 

developed and tested in which dsRNA can be delivered 
by feeding the nematode dsRNA or by feeding nematodes 
with DNA. 

pGN4 was constructed by cloning the Hindlll - 

10 EcoRI fragment of SERCA cloned in vector pGNl using 
these same restriction sites. This is the same 
fragment as was used for in vitro transcription and 
dsRNA injection, described above. 

HT115(DE3) bacteria (Fire A, Carnegie 

15 Institution, Baltimore, MD) were transfected with pGN4 
(and controls with pGNl) and seeded on plates 
containing IPTG and ampicillin resulting in a high 
expression of dsRNA by the bacteria. N2 and nuc-1 
(el392) adult nematodes were put on these plates and 

20 allowed to lay eggs and the progeny was followed over 
time. The progeny mostly looked healthy during the 
larval stages, but the adults (and some of the L4) had 
a starved appearance (nuc-1 more pronounced then N2) . 
Pharynx pumping was irregular and slower then normal, 

25 and the growth rate was somewhat reduced. This example 
indicates that a stable RNAi phenotype useful in assay 
development and compound screening can be developed 
using feeding. As described in co-pending application 
No. WO 00/01846, other possibilities and variants can 

30 be used to create a C. elegans SERCA RNAi phenotype. 

The use of RNAi technology allows the production of C. 
elegans strains in which the activity of the 
endogenous SERCA protein is abolished/substantially 
reduced without the construction of a C. elegans SERCA 

35 mutant. 
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E. coli HT115 has the following characteristics which 
make it a useful host cell for high level expression 
of dsRNA: HT115 (DE3) : F- mcrA mcrb IN (rrnD-rrnE) 1 
A- rncl4::trl0 (DE3 lysogen: lacUV5 promoter-T7 
polymerase) ; host for IPTG inducible T7 polymerase 
expression; Rnaselll-. 

Other host strains suitable for expression of dsRNA 
could be used with equivalent effect. 



Example 3 Isolation of SERC A mutants: 



Construction of a C eleaans sca-1 mutant. 

The following strategy may be used to isolate a 

15 nematode that is mutated in the sca-1 gene, using 

standard selection procedures well known in the art. 

A population of nematodes are mutagenized, 
preferentially using UV-TMP, and grown for two - 
generations. The mutagenized worms are distributed 

20 per 500 over approximately 1152 plates and grown for 

an additional two generations. DNA is isolated from a 
fraction of the worms from each of these plates and 
used as a template for PCR selection to select for an 
sca-1 gene that has a deletion. From a plate with 

25 worms, of which some have been demonstrated to contain 
an sca-1 deletion, new plates are started with fewer 
worms. Further rounds of PCR selection finally result 
in the isolation of a heterozygote , C. elegans carrying 
a mutation in the sca-1 gene (see Jansen et al., 1997, 

30 Nature Genetics 17:119-121). As experiments have shown 
that the expression level of SERCA is important for 
the survival of the nematode it is possible that this 
strategy may result only in the isolation of partial 
knock-out mutations as heterozygote C. elegans 
35 carrying a severe knock-out mutation in the sca-1 gene 
may not viable. In this situation, strategy 1 based 
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on extrachromosomal expression can be used to isolate 
severe knock-out mutations. 

Anal ysis of a C. eleaans mutant (designated ok!90) 
5 C. elegans strain okl90 which is mutated in the 

sca-2 gene was kindly provided by R. Barstead 
(Oklahoma, USA) . This strain can be purchased from 
the same supplier or from the C. elegans Genetic 
Center, Minnesota, USA (see above) . Heterozygous 
10 animals show no defect, but their homozygous progeny 
die as LI . The lethal phenotype can be rescued by 
reintroduction of the C. elegans gene by injection of 
pGK7. 

Using standard PCR protocols the genomic region 
15 of okl90 around the deleted area was cloned in the 
following way: 

A nested PCR was performed on C. elegans genomic 
DNA using the following primer pairs: 
Outer: SERCA P2 : CGAAGAGCACGAAGATCAGACAG 
20 SERCA P8: GAGAGGCGGTTGGTTTGGG 

Inner: SERCA P4: CCGTTCGTCATCCTTCTCATTC 
SERCA P7: CGACAGATGGACCGACGAGC 

Analysis of the nested PCR product by agarose gel 
25 electrophoresis showed that the PCR product in the 
okl90 strain harbors a deletion of 1.7 kbp. (The 
wild-type PCR product from SERCA P4 - SERCA P7 would 
be 3.4 kbp but the observed okl90 PCR product was only 
1.7 kbp) . 

30 To enable detailed analysis of the deleted region 

the PCR product was cloned into the pCR-XL-TOPO vector 
(Invitrogen, The Netherlands) . The resulting plasmid 
was designated pK04 . This cloned fragment was then 
sequenced revealing the exact coordinates of the 

35 deleted region. One of the breakpoints of the 

deletion occurred in the intron between exon IV and 
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exon V, the other in exon V, deleting a total of 1702 
bp of which 1690 bp represent coding sequence. 

The nucleotide sequence of the genomic fragment 
of C. elegans sca-1 bounded by primers SERCA P4 and 
SERCA P8 is shown in Figure 12. Exon IV and exon V 
are shown in capitals, intron IV in lower case. The 
fragment deleted in okl90 is underlined. 



Example 4 Construction of C. elecrans st.rains for use 
in screening: 



Rescue of an sca-1 mut a nt C. elegans using a pest 
SERCA, cDNA 

15 The following strategy may be used to introduce a pest 
SERCA transgene onto an sca-1 (okl90) mutant genetic 
background in C. elegans. 

The starting C. elegans strain is an sca-1 (okl90) /qCl 
20 heterozygotic strain. The heterozygous strain is used 
as an okl90/qCl strain is viable, whilst both 
okl90/okl90 and qCl/qCl are lethal. The qCl allele is 
a balancer, and is well known in the area of C. elegans 
genetics . 

The following constructs are required: 

a) DNA encoding heterologous pest SERCA or 
heterologous pest /C. elegans SERCA chimera under 
control of the C. elegans SERCA promoter (sca-1 

30 promoter) . Other more general promoters able to drive 
.expression of SERCA could be used with equivalent 
effect. 

b) Marker cassette eg. pDW2721 (GFP) or rol-6. For the 
35 GFP marker cassette the myo-2 promoter is chosen to 

prevent interference with the read out in the pharynx 
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pumping assay. Using this promoter GFP is only 
expressed in the pharynx. 

The pest SERCA and marker cassettes are transformed 
5 into the worm using standard C. elegans techniques. 

Development: 

Rescue the SERCA mutant phenotype of sca-1 (okl90) /qCl 
with heterologous SERCA. Select for wild type 
10 phenotype combined with stable fluorescent or roller 
phenotype (depending on the chosed marker) . 

Screening: 

Rescue of the sca-1 mutation by expression of a pest 
15 SERCA protein results in wild-type phenotypes of 

pharynx pumping, movement, egg laying, defecation, 
mating etc. These characteristics can therefore be 
used as indicators of SERCA activity to perform 
screens on the pest SERCA target, based on detection 
20 of changes in these phenotypes. 

r. eleaans e x pressing thaosiaarain-resistant pest 
SERCA 

25 

The starting C. elegans strain may be wild-type 
C. elegans (N2 strain) or a selected mutant strain. 

Required constructs: 
30 a) DNA encoding heterologous pest SERCA or pest 

SERCA/C. elegans SERCA chimera which is resistant to 
inhibition by thapsigargin under the control of the i 
elegans SERCA {sca-1) promoter. 

35 b) Marker cassette eg. pDW2721 (GFP) or rol-6. 
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Development : 

The expression of a pest SERCA or pest SERCA/C. 
elegans SERCA chimera which is resistant to inhibition 
by thapsigargin results in rescue of the lethal 
•5 phenotype induced by lethal doses of thapsigargin. 

Screening: 

The screen is performed in the presence of a lethal 
dose of thapsigargin. In the presence of thapsigargin 

10 the strain exhibits substantially wild-type pharynx 

pumping, movement, egg laying, defecation, mating etc. 
These characteristics can therefore be used as 
indicators of SERCA activity to perform screens on the 
pest SERCA target, based on detection of changes in 

15 these phenotypes. 

C. eleaans expressing hete r ologous pest SERCA in a . 
tissue in which expression o f the endogenous C. 
eleaans SERCA protein is lo w or absent. 
20 The starting C. elegans strain may be wild-type 

C. elegans (N2 strain) or a selected mutant strain. 

Required constructs: 

a) DNA encoding heterologous pest SERCA or pest 
25 SERCA/C. elegans SERCA chimera under the control of 

the C. elegans unc-119 promoter or any other neuronal 
promoter. 

Development : 

30 The strain exhibits ectopic expression of a pest SERCA 
protein or pest SERCA/C. elegans SERCA chimera in one 
or more neurons of C. elegans. The phenotype is 
evaluated and a characteristic selected to form the 
basis of a screen. 



35 
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Example 5 Inhibition of endogenous C. eleaans SE RCA by 
compounds : 

Several compounds are known to inhibit the 
function of SERCA, such as cyclopiazonic acid, 
5 cyproheptadine, thapsigargin, 2,5-di 

(tert-butyl) -1, 4-benzohydroquinone, 2 . 4-benzoquinone, 
and vanadate- Other compounds are known to activate 
the activity of SERCA, such as diethylether, gingerol, 
and 1- (3, 4-dimethoxyphenyl) -3-dodecanone . Still other 

10 compounds have a dual activity, they stimulate SERCA 
at low concentrations, but inhibit at high 
concentrations, such as phenothiazines, and 
pentobarbital . 

Using two kinds of assays, the optimal 

15 concentration of compounds that inhibit the activity 
SERCA has been determined. The first assay is 
designated the drop or plate assay in which the 
nematodes are fed E. coli strains pre-loaded with the 
compound. In a second assay, the compound is 

20 administrated to the worm in liquid culture. 



Plate assay 

A standard plate drop assay is performed 

25 according to the following protocol. 4ml NGM agar 

(see "The nematode C. elegans" Ed. by William B. Wood 
and the Community of C. elegans Researchers, CSHL 
Press, 1988, pg589) is into 3cm plates and seeded with 
approximately 5pl of an E. coli overnight culture and 

30 grown preferably for one week at room temperature. 

Approximately 10^1 of test compound dissolved in DMSO 
or other suitable solvent is pipetted onto the 
bacterial lawn so that the lawn is covered completely. 
After overnight soaking in or compound, one C. elegans 

35 (L4 stage) per plate is put onto the bacterial lawn. 
Plates are incubated at 21°C and checked after some 
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hours. Plates are checked again after 4 days for 
phenotypes of the Fl progeny (control shows all stages 
up. to gravid hermaphrodites) . 

Thapsigargin at various- concentrations (5 pM, 2.5 
5 pM and 1.25 pM) causes the nematode to stop pharynx 
pumping within 10 min. Within an hour the worms 
restart pumping, although at a low level. The worms 
are pale and thin and have a slow and irregular 
movement/ with an increased amplitude. No plate drop 
10 response is observed, and the worms show poor backing, 
reduced pumping and strong constipation. The worms 
have a defective gonad with only very few eggs, and a 
protruding vulva. Some worms also have a protruding 
rectum. Progeny reaches L2 stage only after four days, 
15 and the brood size is very small. Lower 

concentrations of thapsigargin (0.5 pM, 0.25 pM, 
0.125 pM) still cause reduced brood size. 

2,5-di-tert butylhydroquinone at a concentration 
of 500 jiM resulted in pale, starved, thin worms with 
20 slow movement, defective gonad, constipated and 
reduced brood size. 

Cyclopiazonic acid at a concentration of 500 pM 
resulted in nematodes that lay still or move slowly 
after one hour. The worms showed strong avoidance and 
25 after 24 hours they look starved, pale and thin, with 
only a few eggs in the body, a defective gonad, and 
reduced brood size. A delayed growth of the Fl 
generation was observed. 

Thapsigargicin at 500 pM, 125 pM, 31 pM, 10 pM, 5 
30 pM resulted in nematodes with similar phenotypes to 
those described above for thapsigargin^ at 5 pM, 2.5 
pM, 1.25 pM. Lower concentrations of thapsigargicin (3 
pM and 1.5 pM) caused a slightly reduced brood size. 
Thapsigargin-epoxide did not result in a clear 
35 observable effect, even at the highest concentration 
tested (1 mM drop, 5 pM end concentration) . 

1, 4-benzoquinone did not result in a clear 
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observable effect, even at the highest concentration 
tested (100 mM drop, 500 pM end concentration) . 

Li guid cultu re assay 
.5 Thapsigargin at 100, 50 and 20 pM resulted in 

small worms which show slow and loopy movement. They 
had a protruding vulva, and no progeny (or no progeny 
that grows up) were observed. At lower concentrations 
of 10 pM and 5 pM a reduced number of progeny and 
10 delayed growth could be observed. 

2,5-di-tert butylhydroquinone at a concentration 
of ImM resulted in progeny exhibiting delayed growth 
and the worms* were observed to be thinner than 
'normal' worms. 
15 Cyclopiazonic acid at a concentration of ImM 

resulted in pale, thin worms with a slow movement and 
a very strongly reduced brood size. At lower 
concentrations of 0.5mM, growth delay was observed. 

Thapsigargicin at 1000 pM, 250 pM, 62.5 pM and 16 
20 pM concentrations resulted in small worms with slow 

and loopy movement, a protruding vulva, and no progeny 
(or no progeny that grows up) were observed. At lower 
concentrations of 10 pM, delayed growth and reduced 
progeny were observed. 
25 The effect of thapsigargin on progeny of 

wild-type strains was tested with the liquid assay: On 
an average of 12 worms, the number of progeny for the 
different concentrations is summarized in Figure 22. 
The effect of thapsigargin was also tested on 
30 progeny of wild-type strains using the plate assay: On 
an average of 12 worms the number of progeny at 
different concentrations is summarized in Figure 23. 

The effect of thapsigargin on the production of 
progeny was determined for a number of different C. 
35 elegans strains. The numbers of progeny produced 

following thapsigargin treatment was counted for an 
average of 15 animals, the results are summarised as 
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follows: 

unc-31: control : 132 
0.5 mM : 35 
1 mM : 5,6 
5 . . srf-3: control: 50 
1 mM : 18,3 

The effect of thapsigargin on pharynx pumping 
behaviour was also determined. In wild-type worms, all 
animals stopped pumping after 10 minutes. In mutant 
strain unc-31 at a concentration of 1 mM thapsigargin, 
all worms stopped pumping after 10 minutes, some start 
again after half an hour, but pumping is only one 
third of normal speed. 

In summary, the above experiments demonstrate 
that inhibition of C. elegans SERCA activity using 
thapsigargin or other chemical inhibitors of SERCA 
results in worms with recognisable phenotypic 
characteristics, including reduced growth, reduced 
rate of pharynx pumping and reduced numbers of 
progeny. These phenotypic changes can be used as the 
basis of a screen for other compounds which inhibit 
the activity of the endogenous C. elegans SERCA 
protein. 

Example 7 C. elegans screening te chnology: 

Distribution of nematodes, and dil ution of compounds. 
■ 

The following is a basic protocol for performing a 
30 compound screen in 96 well plates. 

Preferentially, synchronized worms are used. The 
production of large amounts of synchronized worms has 
been described in (Methods in cell biology, Vol. 48, 
ibid) . After the worms have grown to the preferred 
35 stage, they are washed in M9 buffer prior to further 
use, and re-suspended in an assay buffer (40mM NaCl, 



10 



15 



20 



25 
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6mM Kcl, lmM CaCl 2 , ImM MgCl 2 ) . (10 X M9 buffer: 30g 
KH 2 P0<, 60 g Na 2 HP0,, 50 g NaCI, 10 ml MgS04 1M, made 
up to 1 litre with H 2 0) . Other buffers than M9 buffer 
can be suitable for this purpose. 
5 The worms are then diluted and resuspended in 

semi-soft agar (final concentration of 0.25% low 
melting agarose in M9 buffer) . This procedure results 
in an equal, homogenous and stabilised suspension of 
the nematodes. Other polymers than low melting 
10 agarose can be used in this procedure. The presence of 
a homogenous worm suspension facilitates the equal 
distribution of the worms in the multi-well plates, 
but is not essential. Any other method that results 
in a homogenous distribution of the nematodes worms 
15 over the wells will be useful. More specifically, the 
use of a worm dispenser will result in even a better, 
and hence a more equal distribution of the worms over 
the wells of the multi-well plate. 

The worms are distributed in the multi-well plates 
20 using electronic 8 channel pipettes. In a preferred 

set-up of this experiment 40 +/- 5 worms are added to 
every well of the microtiter plate. 

Compounds are dissolved in DMSO. Any other solvent 
can be used for this purpose, but most selected 
25 compounds appear to be soluble in DMSO. The compounds 
are added in the wells at various concentrations. 
The concentration of the DMSO should not be too high 
and preferentially should not exceed 1%, more 
preferentially the concentration of the DMSO should 
30 not exceed 0.5% and even more preferentially, the 
concentration of the DMSO is lower than 0.3%. 

General pharynx p umping assay.. 

Depending on the specific assay which it is 
35 desired to perform, different C. elegans strains can 
be used. Screens to select for compounds inhibiting 
the pumping rate of the C. elegans pharynx are 
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preferably performed with mutant C. elegans strains 
which have a constitutively pumping pharynx. Wild-type 
worms can also be used in this screen, but the mutants 
worms are preferred. Other C. elegans mutants can be 

■5 used in this screen to select for inhibitors of 

pumping. The selected mutant C. elegans with the 
constitutively pumping pharynx pumps medium into the 
gut at a constant rate and reduction/rescue of this 
phenotype can easily be scored, which facilitates the 

10 detection and selection of compounds. 

The pumping rate of the pharynx is measured 
indirectly by adding a marker molecule precursor such 
as calcein-AM to the medium and measuring the 
formation of marker dye in the C. elegans gut. 

15 Calcein-AM is cleaved by esterases present in the C. 
elegans gut to release calcein, which is a 
fluorescent molecule. The pumping rate of the pharynx 
will determine how much medium will enter the gut of 
the worm, and hence how much calcein-AM will enter the 

20 gut of the worm. Therefore by measuring the 
accumulation of calcein in the nematode gut, 
detectable by fluorescence, it is possible to 
determine the pumping rate of the pharynx. 

Compounds that alter the pumping rate of the 

25 pharynx will result in more or less uptake of the 
calcein-AM and hence in more or less fluorescent 
signal. Moreover, using a multi-well plate reader, 
the fluorescence can be measured rapidly and 
quantitatively, resulting in a fast, quantitative high 

30 throughput screening method for the identification of 
compounds with potential pharmacological activity. 

To perform the pharynx pumping screen with 
calcein-AM, a concentration of between 1 and lOO^M 
calcein-AM is added into .the medium. Preferably 5 to 

35 10/iM calcein-AM is used. Fluorescence is measured 

using a multi-well plate reader (Victor2, Wallac Oy, 
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Finland) with following settings: Ex/Em - 485/530. 

This measurement of the pharynx pumping rate by 
detecting the accumulation of a marker molecule is not 
limited to calcein-AM. Other precursors can be used 

- 5 and thus the assay as described here can be changed 

to be suitable for other precursors. The precursor can 
be cleaved by esterases, but could also be a substrate 
for other enzymes in the nematode gut. Furthermore, 
the marker molecule should not necessary be a 

10 fluorescent molecule, but can be a molecule detectable 
by other methods. Most of these precursor substances 
are commercially available or could be synthesized 
according to methods known in the art. Some examples 
are : 

15 ' 
With a fluorescent ' read out: 

-Esterases substrates: Calcein-AM, FDA, BCECF-AM 

-Alkaline phosphatase substrates: Fluorescein 

diphospate (FDP) 

20 

-Endoproteases; Aminopeptidase substrates: CMB-leu 

With a luminescent read out: 

-alkaline phosphatase substrates: AMPPD 

25 

With a colour read out. 
-Glucuronidase substrates: X-gluc 

Other target enzymes present in the gut for which 
30 substrates can be found or developed are DNAses, 

ATPases, lipases and amylases. An overview of various 
marker molecules, mainly fluorescent can be found in 
"Handbook of fluorescent probes and research 
chemicals, molecular probes, ed. by R. P. Haughland" 



35 
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Example 8 Inhibition of SERCA in cultured mammalian 
cells : 

COS cells have been transfected with erAEQ/pCDNAi 
provided by Molecular probes,, to investigate the 
5 influence of calcium modulation of thapsigargin in 
these cells. Transfection was performed using the 
Lipofectamine Plus reagent (Life technloglogies, Inc) 
according to the standard protocol supplied by the 
manufacturer. Cell lysis was performed as described 

10 in "The Molecular Sampler Kit" provided by Molecular 
Probes, to determine the best substrate. Experiments 
show that for COSI cells coelentazine hep is the best 
substrate (data not shown) . For other cells the most 
suitable substrate would need to be determined by 

15 experiment. 

Tests were repeated in multiwell plates, without 
cell lysis. The transfected cells were treated with 
thapsigargin and aequorin fluorescence was measured 
directly. A clear variation was observed between 

20 cells treated with thapsigargin and cells that have 
not been treated. Measurements in a high throughput 
format can be made from 5 minutes to at least 45 
minutes after contacting the cells with the 
appropriate test compound. 

25 

GenBank accession numbers of SERCA cDNAs 

Arabidopsis thaliana: Q9SWS8 ,004987 ,023087. 

Artemia sanf ranciscana : ATC_ARTSF. 

Aspergillus niger: AAF37300. 
30 Bacillus halodurans: BAB06234. 

Bacillus subtilis: 034431. 

Bos taurus: AAF64433. 

Caenorhabditis elegans: Q9XTG6. 

Candida albicans: CAB87245. 
35 Drosophila melanogaster : ATC1_DR0ME ,Q9VNR2. 

Dunaliella bioculata: ATC1 DUNBI . 
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Gallus gallus: Q9YGL9 ,ATC1_CKIGK, B40812. 

Heliothis virescens: 096696. 

Homo sapiens: 060900 , ATC INHUMAN . 

Leishmania mexicana: 00948 9. 
5 Lycopersicon esculentum: Q42883. 

Makaira nigricans: ATC1_MAKNI. 

Methanobacterium thermoautotrophicum: 027560. 

Mus musculus: Q64517 , ATC2__MOUSE. 

Mycobacterium tuberculosis: CTPF_MYCTU. 
10 Neurospora crassa: Q9UUY0 . 

Oryctolagus cuniculus: ATC2_RABIT. 

Oryza sativa: BAA90510 ,004938. 

Paramecium tetraurelia: CAB96170 ,061073. 

Patinopecten yessoensis: 096039. 
15 Placopecten magellanicus : 077070. 

Plasmodium berghei: Q27764. 

Plasmodium falciparum: ATC_PLAFK. 

Procambarus clarkii: 017314. 

Pseudomonas aeruginos: AE004 572_6. 
20 Rana esculenta: ATC1_RANES. 

Schistosoma mansoni: 096527 , Q27779. 

Schizosaccharomyces pombe: 059868. 

Synechococcus sp.: ATCL_SYNP7. 

Synechocystis sp. : Q59999. 
25 Synechocystis sp: SSPMA1_1. 

Trichomonas vaginalis: Q95060. 

Trypanosoma brucei: ATC_TRYBB. 

Trypanosoma cruzi: 096608. 

Ureaplasma urealyticu: AE002123_6. 
30 Zea mays: AAF73985. 
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LIST OF PEST SPECIES: 















\ 
l 


Amaranfh^ 

/U.U.CLL uIILUj 


Amaranthus snn 


Amaranthaceae 


Amaranthus 


2 


Am erf can ho 11 worm 


Helicoverpa zea 


Lepidoptera* Noctuidae 


Helicoverpa 


— i 


j 


Ampriran cnrkrnaph 

ikiilv* iwCVl 1 V<UUJMUdbli 


Periolansta americana 

L VllL/lUUwlU OJJ1WJL iwuiia 


Dictvontera* Blattidae 


Periplaneta 




A 


Ampriran cpmpniiTiP Ipa^minpT 

.rvLUCl lWoll dCl jJCilllilC ICai 111 111 CI 


T irinmvya trifinlii 

1_j 11 1U11 1 J U. LL U 111 


nintpra* A DTnmv7idae 


Liriomyza 


5 


Antrmimni<! (Train mntn 

rUigUlUliUlJ Ujl QUI LiiUUl 


Sitotroga cerealella 


Lepidoptera: Gelechiidae 


Sitotroga 


o 


Anoulnr Ipaf cnnf fiioiirliiti 
rvilgUlai ical opuL, LULiuuiu 


P<!PiiHnmnna«. larnrvmans 


Pubacteriales 


Pseudomonas j 


7 
f 


Annual rvporacc 
rxliilUui i jCglooa 


T nlfnm ricnrinm 

JUU11UU1 1 IglUUlll 


Gramineae 


Lolium 


i 


Q 
o 


Annnnplpc mncfimtnc 
/vllUpilClCo LLlUjlJUiLUb 


Annnhplps Qnn 


Dintera* Culicidae 


Anopheles 


Q 




Colletotrichum lindemutbianum 


Me lane o ni al e s 


Colletotrichum 




A n Hi ram ac p varimic rnrtt TC\t anH 1paf 


Pnlletotriehum snn 


Melanconiales 


Colletotrichum 


i 


i t 

1 L 


Ante 


Formicidae 


Hvmenontera 


Fonnicidae 


--1 


19 


rVpuiU palajllUlU Waipi 


Anhidiiic inn 
^rvL/iiiviiuo opp. 


H^vmenoDtera* 


Aphtdius 


1 \ 


Artolp Vil nc^nm ia/ppvi1 
/AlJLJIC UlUooUiil WCCVll 


AnthnnnmiLs Tiomnrum 


Coleopterai 


Anthonomus 




14 


Apple leaf nuner 


1 rmrvrxmttiT hlati/*iii*/1pliii 

cRj uonuryt/Lcr uiaiicaiueua 


l_iCp IUUULCJ cu 


Phyllonorycter 




ID 


Apple leaf miner 


T vnnptiil plpflfplljl 

i-iyuncua uicirvcjiu. 


T pnirinntera* T,vonstiidae 


Lyonetia 


1 c 


Argentine ant 


TriHomifrinov ni lrti tl i c 

juiuuiiiy rij it. a nuiuiub 


T-Tvm pti nntpra " 


Iridomyrmex 


I / 


Army worms 


OpULLUpLcia *>UU. 


T pnirlnntpra* KfrirhntHap 


Spodoptera 


to 

la 


Arrowhead 


kjaglllaXia SdgltUXUJla 




Sagittaria 


1 0 


Australian bush fly 


IYIU-jWU. V CLUMIojUUu 


Dintpra* ^/fii^cidae 


Musca 


20 


Australian sheep blowfly 


Li u cm a cuprina 


L/ipLcid. v^ailipilUl luaC 


Lucilia 




11 


Bacteral canker, prunus 


r acUUUIIlUIlcla liluib-pi Uiiui ULu 




Pseudomonas 


11 


Bacterial blights and leaf spots, 


irseuaomonas spp. 


"PnKaftpWi-i IPQ 


Pseudomonas 


13 


Bacterial grain rot, rice 


jrseuuumoiias giuiiid.c 


"Fnhnrtprifl 


Pseudomonas 


24 


Bacterial leaf spots, various hosts 


Xanthomonas spp. 


nnn rtpriQ 1 pc 
XZiUUaUlCl IdlCo 


Xanthomonas 


ZD 


Bacterial rot, celery 


xjL \v liJjLa wtu ulu vui a 


"F nhacteriales 


Erwinia 




26 


Bacteriosis, cotton 


AaniJiornonas maivacearuiri 


XjUUaLlui 1 til to 


Xanthomonas 




11 


Banana black heart 


r^iViKiprpUn fiiiiViirni 

VJlUUvlOlltl LUJLEWUiv/L 


rTvDa ere ales 


Gibberella 




za 


Banana leaf spot, sigatoka 


AjTvp/'icnhnprpll a miicipnla 
iviyLA7dLyiLaciCLi(i muiRuid 


Dothidiales 


Mycosphaerella 




9Q 


Ddiiaxia IUUL uuici 


Cftsmtrnolitei ^ordidus 


Coleoptera. 


Cosmopolites 


in 


Oallalla WCCVH 


Cosmnnolites virdidus 


Coleoptera. 


Cosmopolites 




J 1 


nnnHi(*ftn+ rate 
OaliUlCOOl IdLb 


Randicota srin 


pR^otentia: Muridae 


Bandicota 




^9 


RarnvnrH ora^i 

Dal 11 y OA U {£jX Cud 


Echinochloa crus-galli 


Gramineae 


Echinochloa 


33 


Rarnvarrf oracs awnlecc 
u cu Lxy ax u. gi aj o, awuiwaa 


Echinochloa colonum 


Graxniaeae 


Echinochloa 


34 


Barren hrnme 


Bromus sterilis 


Grainineae 


Bromus 


~35 


Basal stem rot, cucurbits 


Erwinia carotovora 


Eubacteriales 


Erwinia 


" 36 


Bean beetles 


Epilachna spp. 


Coleoptera: 


Epilachna 





37 


Bean weevils 


Sitona spp. 


Coleoptera: 


Sitona 


38 


Bearded oat 


Avena barbata 


Gramineae 


Avena 




39 


Bed bug 


Cimex lectularius 


Heteroptera: Ciroicidae 


Cimex 




40 


Beet army worm 


Spodoptera exigua 


Lepidoptera: Noctuidae 


Spodoptera 


1 


41 


Beet cyst nematode 


jHeterodera schachtii 


Nematoda: 


Heterodera 




43 


Beet leaf weevil 


|Tanymecus pallidus 


Coleoptera: 


Tanymecus 


i 


42 


Beet leaf-miner 


jPegomya hyoscamni 


Diptera: Anthomyiidae 


Pegomya 


— | 


44 


Begonia 


j Begonia elatior 


Begoniaceae 


[Begonia 




45 


Bermuda grass 


Cynodon dactylon 


Gramineae jCynodon 
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46 [Bindweed, large ! 


Calystegia sepiurn ssp. sepium 


Convolvulaceae 


Calystegia 




47 


Bird skin mites 


Cnemidocoptes spp. 


Acari: Sarcoptidae 


Cnemidocoptes 




48 


Biting midges 


Ceratopogonidae 


Diptera 


Ceratopogonidae 


— i 
• 


49 


Black bean aphid 


Aphis fabae 


Homoptera: Aphid idae 


Aphis 


50 


Black bent 


Agrostis gigantea 


Grarnineae 


Agrostis 




51 


Black bindweed 


Fallopia convolvulus 


Poiygonaceae 


Fallopia 




52 


Black flies 


Simulium spp. 


Diptera: Simuliidae 


Sirmilium 


54 


Black leaf streak, banana 


Mycosphaerella fijiensis 


Dothidiales 


Mycosphaerella 


55 


Black mould 


Cladosporium spp. 


Hyphales 


Cladosporium 


56 


Black nightshade 


Solarium nigrum 


Solanaceae 


Solarium 


57" 


Black olive scale 


Saissetia oleae 


Homoptera: Coccidae 


Saissetia 


58 


Black rat 


Rattus rattus 


Rotentia: Muridae 


Rattus 


59 


Black root rot, tobacco 


Thielaviopsis spp. 


Deuteromycotina 


Thielaviopsis 


60 


Black rot, apple 


Botryosphaeria obtusa (= 


Dothidiales 


Botryosphaeria 


*61 


Black rot, grapevines 


Guignardia bidwellii 


Dothidiales 


Guignardia 


" 62 


Black stem rust, grasses 


Puccinia gram in is 


Uredinales 


Puccinia 


53 


Black-grass 


Alopecurus myosuroides 


Grarnineae 


Alopecurus 


i 


63 


Blackcurrant gall-mite 


Cecidophyopsis ribis 


Acari: Eriophyidae 


Cecidophyopsis j 


~64 


Blackcurrant rust 


Cronartium ribicola 


Uredinales 


Cronartium 


65 


Blackleg, beet crops 


Aphanomyces cochlioides 


Saprolegniales 


Aphanomyces 


66 


Blackleg, potatoes 


Erwinia carotovora 


Eubacteriales 


Erwinia 


67 


Blackspot, roses 


Diplocarpon rosae 


Helotiales 


Diplocarpon 


68 


Bladderworts 


Utricularia spp. 


Lentibulariaceae 


Utricularia 


69" 


Blast, rice 


Pyncularia oryzae 


Hyphales 


Pyricularia 


70 


Blight, capsicums 


Phytophthora capsici 


Peronosporales 


Phytophthora 


"71 


Blight, potato 


Phytophthora infestans 


Peronosporales 


Phytophthora 




72 


Blight, tomato 


Phytophthora infestans 


Peronosporales 


Phytophthora 




73 


Blister blight, tea 


Exobasidium vexans 


Exobasidiales 


Exobasidium | 


74 


Blossom or pollen beetles 


Meligethes spp. 


Coleoptera: Nitidulidae 


Meligethes 


75 


Blossom wilt, apple, plum 


Sclerotinia laxa 


Helotiales 


Sclerotinia 


76 


Blue cattle louse 


Solenopotes capillatus 


Phthiraptera: 


Solenopotes 


77 


Blue mould, citrus 


Penicillium italicum 


Hyphales 


Penicillium 


78 


Blue mould, tobacco 


Peronospora tabacina (= 


Peronosporales 


Peronospora 


79 


Boll weevil 


Anthonomus grandis 


Coleoptera: 


Anthonomus 


80 


Booklice 


Psocoptera 


Disecta 


Psocoptera 


J 


81 


Bracken 


Pteridium aquilinum 


Filicales 


Pteridium [ 


82 


Brambles 


Rubus spp. 


Rosaceae 


Rubus 





83 


Branched bur-reed 


Sparganium erectum 


Sparganiaceae 


Sparganium 




84 


Brassica cyst nematode 


Heterodera cruciferae 


Nematoda: 


Heterodera 


j 


~85 


Brassica gall and stem weevils 


Ceutorhynchus spp. 


Coleoptera: 


Ceutorhynchus 




86! Broad mite 


Polyphagotarsohemus latus 


Acari: Tarsonemidae 


Polyphagotarsonemu 


87 ] Brooks spot, apple 


Mycosphaerella pomi 


Dothidiales 


Mycosphaerella 




89 j Brown foot rot, cereals 


Gibberella spp. (=» various 


Hypocreales 


Gibberella 


90jBrown rat 


Rattus norvegicus 


Rotentia: Muridae 


Rattus 


. 1 


91 ] Brown rot, apple, pear, plum 


Sclerotinia fructigena, 


Helotiales 


Sclerotinia 


92jBrown rust, barley 


Puccinia hordei 


Uredinales 


Puccinia 




93 j Brown rust, chrysanthemum 


Puccinia chrysanthemi 


Uredinales 


Puccinia 
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04 


LJ 1 lv TT Ll llUlj ITUwClt 


Puccinia recondita 


Uredinales 


Puccinia ~\ 


yj 


Drnnm Oflft CPflfp, 

XJiOWn SO x\ oCalw 


Coccus hesperidum 


Homoptera: Coccidae 


Coccus 1 


QA 


Rrrvwri cnnt npartnt 
JJiUWIl bpUUj pcalilil 


Mycosphaerella arachidis 


Dothidiales 


Mycosphaerella 


• 07 


Rrnum cnnt nr^ 
xjiUWII apUL, lll<c 


Co chlio bolus miyabeanus 


Dothidiales 


Cochliobolus 


OR 

yo 


Prr>wn ctrtnp ciitrnr c^Tift 
tjiUWil ou ipc, ougai uoiis 


Bipolaris stenospila 


Hyphales 


Bipolaris 


QD 
0 0 


IjI U Wli ucuiuwu bUbAiuawu 


Supella longipalpa 


Dictyoptera: Blattidae 


Supella 


09 




Haematobia irritans exigua 


Diptera: Muscidae 


Haematobia 

— — , ) 


i nn 


nUJ.idl.UgI aio 


Brachiaria mutica (— Panicum 


Gramineae 


Brachiaria 


101 




Heteroptera 


Hemiptera 


Heteroptera 






Rhizoglyphus callae, R. robini 


Acari: Acaridae 


Rhizoglyphus 




WnlH c/^nlp mftp 


Steneotarsoncmus laticeps 


Acari: Tarsonemidae 


Steneotarsonemus 


1 04 


ID umuaQSa 


Typha spp. 


Typhaceae 


Typha 


| IUJ 




Tilletia caries 


TJstilaginales 


Tilletia 


I 1 C\& 


JDUITUVViHg iiciilaLUUC 


Radopholus similis 


Nematoda: Tylenchidae 


Radopholus 


i rn 

lU / 


13 1 iff mt /viniFptc 

Dun rui, cuuncio 


Heterobasidion annosum 


Aphyllophorales 


Heterobasidion 


lUo 


cuTiercups 


Ranunculus snn 


Ranunculace ae 


Ranunculus 


1 AO 


L-anoage looper 


Trirhnnhisia ni 

1 1 iwiup j uo ja 111 


Lepidoptera: Noctuidae 


Trichoplusia 


11U 


uaooage root uy 


Delia radicum 


Diptera: Anthomyiidae 


Delia 


ill 


Cabbage seed weevil 


r^pntnrfivnrhn^ a^similis 


Coleoptera: 


Ceutorhynchus 


117 

112 


Cabbage stem weevil 


C'fMitorhvTjrVm^ nuaHriHen^ 

\_>&UI>WlliyilvllUu UUuUi luwlJO 


Coleoptera: 


Ceutorhynchus 


1 17 

113 


uaDDage wnue Duuermeo 


Pier! "? sirn 


Lepidoptera: Pieridae 


Pieris | 


1 14 


Californian red scale 


A nnirlipl!;* si limn til 

/A.Ulil*JlCHd. aLUd.il.lH 


Homoptera: Diaspididae 


Aonidiella 


1 1 c 


Canadian pondweed 


T^lnffpH ranaHpn^i«» 

£,lUU^d LrCUlAUtriio 1 J 


Hydrocharitaceae 


Elodea 


116 


Canary grass, awned 


ilialaJlb paTaLlUAa 


frraTTiineae 


Phalaris 


117 


Canary grasses 


JTUaiaiid i>py« 


Crramineae 


Phalaris 


118 


Canker, apple, pear 




Nectriaceae 


Nectria ■ 


119 


Capsid bugs 


A/tiriHap 
iviii iuac 


Heteroptera 


Miridae 


120 


Carmine spider mite 


L Cli aijy UllUo UiiliidL/aJ UULLuj 


Acari* Tetranvchidae 


Tetranychus 


"121 


Carpenter ants 




Hymenoptera : 


Camponotus 


122 


Carpet beetles 


Antnrenus spp. 


Coleoptera: Dermestidae 


Antnrenus 


123 


Carrot fly 


Psila rosae 


Diptera: Psilidae 


Psila 


124 


Carrot leaf blight 


Altemaria dauci 


Hyphales 


Alternaria 


125 


Cat flea 


Ctenocephalides felis 


Siphonaptera: Pulicidae 


Ctenocephalides 


126 


Cattle biting louse 


Bovicola bovis 


Phthiraptera: 


Bovicola 


127 


(Cattle tail louse 


Haematopinus quadripertusus 


Phthiraptera: 


Haematopinus 


1281 Cer<aT Teafbeetie 


Oulema melanopus 


Coleoptera: 


Oulema 


129 [Chamomiles 


Anthemis spp. 


Compositae 


Anthemis 


nJOiChiiock 


Sinapis arvensis 


Cruciferae 


Sinapis 


13 1 [cherry leaf spot 


Blumerieliajaapii 


Helotiales 


Blumeriella 


132 !Chicken mite 


Dermanyssus gallinae 


Acari: Dennanyssidae 


Dermanyssus 


133Tchigoe flea 


Tunga penetrans 


Siphonaptera: Pulicidae 


Tunga 


134|Chinchbug 


Blissus leucopterus 


Lygaeidae 


Blissus 


135 { Chrysanthemum leaf miner 


Phytomyza syngenesiae 


Diptera: Agromyzidae 


Phytomyza 


136 [Chrysanthemum leaf miner parasitoid 


Dacnusa sibirica 


Hymenoptera: 


Dacnusa 


137iChrysomelid beetles 


Chrysomelidae 


Coleoptera 


Chrysomelidae 


138 j Cigarette beetle 


Lasioderma serricome 


j Coieoptera: Anobiidae 


Lasioderma 


139] Citrus aphid 


Aphis citricola 


1 Homoptera: Aphididae 


Aphis 
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\A(\ 


V^llTUS OdllACi 


Xanthomonas citri 


Euoacienaies 


Xanthomonas 


I 


1 \A\ 


l^itriic m W/rii it? 

VsLlTUa mcaiyuug 


r liinOCUCCUi) Clin 


nuiiiup lci a. 


Planococcus 


I*fx 


citrus rcu mite 


Panonychus citri 


/icari. i CLranycniuac 


Panonychus 




V^lLTUo ILL3L HULL 


irnyuocopuuLa ojeivora 




Phyllocoptruta 


1 A A 


leavers 


Galium sparine 


Rubiaceae 


Gahum 


14** 

l*r J 




Elateridae 


iwOieopiera 


Elateridae 


1AA 


domes mains 


Tinea spp. 


Lepidoptera: Tineidae 


Tinea 


i 




L/iOUicS ILlULLLb 


Tine o la spp. 


Licpiaopicra. i meiuae 


Tineola 


1/12 


Clover bryobia mite 


Bryobia praetiosa 


Acari: Tetranychidae 


Bryobia 


1 AQ 
14? 


Pink nicnoo 

v^iuD-rusnes 


Scirpus spp. 


uyperaccde 


Scirpus 


l cn 
1 jU 


Clubroot, brassicas 


Plasmodiophora brassicae 


Plasmodio pho rales 


Plasmodiophora 


J51 


Coccomycosis 


Blumeriella jaapii 


Helotiales 


Blumeriella 


152 


Cockchafer 


Melolontha melolontha 


Coleoptera: Scarabaeidae 


Melolontha 




i ei 
153 


CocKlebur 


Xanthium pennsylvanicum 


Compo sitae 


Xanthium 




154 


Cockroaches 


biattelJa spp. 


Uictyoptcra: Diatnaae 


Blattella 




1 cc 

IDJ 


Cockspur, rice 


tcumocmoa oryzicoia (— h. 


Gramineae 


Echinochloa 


156 


Cocoa capsid 


Sahlbergella singularis 


Heteroptera: Mindae 


Sahlbergella 


157 


Cocoa capsid 


Distantiella theobroma 


Heteroptera: MLridae 


Distantiella 


158 


Codling moth. 


Cydia pomonella 


Lepidopterai Tortricidae 


Cydia 


1 CO 

1 jy 


conee rust 


Hemileia vastatrix 


Uredinales 


Hemileia 




160 


Collar rot, apple 


Phytophthora cactorum 


Peronosporales 


Phytophthora 




161 


Colorado beetle 


Leptinotarsa decemlineata 


Coleoptera: 


Leptinotarsa 


162 


Columbus grass 


Sorghum almum 


Gramineae 


Sorghum 


163 


Common amaranth 


Amaranth us retroflexus 


Amaranthac e ae 


Amaranthus 


164 


Common chickweed 


Stellaria media 


Caryophyllaceae 


Stellaria 


165 


Common cockroach 


Blatta orientalis 


Dictyoptera. tilattiaae 


Blatta 


166 


Common couch 


Elymus repens 


Gramineae 


Elymus 


167 


Common orache 


Atrip lex patula 


Chenopodiaceae 


Atriplex 


168 


Common scab, potato, beet 


Streptomyces scabies 


Actinomycetales 


Streptomyces 




169 


Confused flour beetle 


Tribolium confusum 


Coleoptera: 


Tribolium 




170 


Corn marigold 


Chrysanthemum segetum 


Compositae 


Chrysanthemum 




171 


Corn rootworms 


Diahrotica spp. 


Coleoptera: 


Diabrotica 




172 


Corn spurrey 


Spergula arvensis 


Caryophyllaceae 


Spergula 




173 


Cotton boll rot 


Gibberelia fujikuroi 


Hyp ocre ales 


Gibberelia 


1 /4 


Cotton leaf perforator 


jduccu jamx tnurDerieiia 


.LepiaOpiera. j_.yoneuiaae 


Bucculatrix 




nc 
1 /3 


Cotton leaf worm 


Aiaoama arguiacea 


T ar\l Anntam ' ^Trtr>+i if Ha o 

LrepiQupierd. iNocuuuac 


Alabama 


1 /O 


cotton leainoppers 




XiUIHUpiCl a. ^lLtlLlC U lUtlC 


Empoasca 


1 


177 


Cotton rat 


Sigmodon hispidus 


Rodentia: Cricetidae 


Sigmodon 


178 


Crabgrass 


Digitaria sanguinalis 


Gramineae 


Digitaria 




179 


Crabgrass, tropical 


Digitaria adscendens (= D. 


Gramineae 


Digitaria 




180 


Crane flies 


Tipula spp. 


Diptera: Tipulidae 


Tipula 




181 


Crane's bills 


Geranium spp. 


Geraniaceae 


Geranium 


j 


182 


Creeping bent 


Agrostis stolonifera 


Gramineae 


Agrostis 




183 


Crickets 


Cricetus spp. 


Saltatoria: Gryllidae 


Cricetus 


i 


184 


Crown rot, apple 


Phytophthora cactorum 


Peronosporales 


Phytophthora 


I 


185 


Cutworm 


Noctua pronuba 


Lepidoptera: Noctuidae 


Noctua 




HU 


Cutworms 


Agrotis spp., Euxoa spp., 


Lepidoptera: Noctuidae 


Agrotis 
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187 


Cyst nematodes 


Heteroderidae 


Nematoda 


Heteroderidae ~~ 1 


188 


Damping o££ various hosts 


Pellicularia spp. 


Tulasnellales 


Pellicularia j 


189 


Damping off, various hosts 


Phytophthora spp. 


Peronosporales 


Phytophthora 


190 


Damson-hop aphid 


Phorodon humuli 


Homoptera: Aphididae 


Phorodon 


191 


Dark leaf spot, brassicas 


Alternaria brassicae, Alternaria 


Hyphales 


Alternaria 


192 


Dart moths 


Euxoa spp. 


Lepidoptera: Noctuidae 


Euxoa 


193 


Dayflower 


Commelina spp. 


Commelinaceae 


Commelina 


194 


Dead arm, grape vines 


Phomopsis vhicola 


Sphaeropsidales 


Phomopsis 


195 


Death watch beetle 


Xestobium rufovillosum 


Coleoptera: Dermestidae 


Xestobium 


196 


Deer flies 


Chrysops spp. 


Diptera: Tabanidae 


Chrysops 


197 


Diamond-back moth 


Plutella xylostella 


Lepidoptera: 


Plutella 


198 


Docks and sorrels 


Rumex spp. 


Polygonaceae 


Rumex 


199 


Dog 


Canis familiaris 


Camivora: Canidae 


Canis 


200 


Dog flea 


Ctenoccphalides canis 


Siphonaptera: Pulicidae 


Ctenocephalides 


201 


Dollar spot, turf 


Sclerotinia homeocarpa 


Helotiales 


Sclerotinia 


202 


Downy mildew, brassicae 


Peronospora parasitica 


Peronosporales 


Peronospora 


'203 


Downy mildew, cereals 


Scerophthora macrospora 


Peronosporales 


Scerophthora 


204 


Downy mildew, cucurbits 


Pseudoperonospora cubensis 


Peronosporales 


Pseudoperonospora 


205 


Downy mildew, grapevine 


Plasmopara viticola 


Peronosporales 


Plasmopara 


206 


Downy mildew, hops 


Pseudoperonospora humuli 


Peronosporales 


Pseudoperonospora 


207 


Downy mildew, lettuce 


Bremia lactucae 


Peronosporales 


Bremia 


208 


Downy mildew, sorghum 


Peronosclerospora spp. 


Peronosporales 


Peronosclerospora 


209 


Downy mildew, wheat 


Scerophthora spp. 


Peronosporales 


Scerophthora 


210 
211 


Dry bubble, mushrooms 


Verticillium fungicola 


Hyphales 


Verticillium 


Dry rot 


Fusarium coeruleum 


Hyphales 


Fusarium 


212 


Dutch-elm disease 


Ceratocystis spp. 


Microasaceae 


Ceratocystis 


213 


Ear blight, cereals 


Gibberella spp. (- various 


Hypocreales 


Gibberella 


214 


Ear blights, various hosts (Imperfect 


Fusarium spp. 


Hyphales 


Fusarium 


215 
216 


Ear-mange mites 


Otodectes spp. 


Acari: Psoroptidae 


Otodectes 


Earwigs 


Dermaptera 


Insecta 


Dermaptera 


217 
~218 


Egyptian cotton leafworm 
Elodea, Florida 


Spodoptera littoralis 


Lepidoptera: Noctuidae 


Spodoptera 


Hydrilla verticillata 


Hydrocharitaceae 


Hydrilla 


219 


Eriophyid mites 


Eriophyidae 


Acari 


Eriophyidae 


220 


European com borer 


Ostrinia nubilalis 


Lepidoptera: Pyralidae 


Ostrinia 


221 
222 


European pine sawfly 


Neodiprion sertifer 


Hymenoptera: 


Neodiprion 


European vine moth 


Lobesia botrana 


Lepidoptera: Tortricidae 


Lobesia 


223 


Eye-spot, cereals 


Pseudocercosporella 


Hyphales 


Pseudocercosporella 


224 
'225 


Fairy rings 


Marasmius oreades and other 


Agaricaceae 


Marasmius 


Fall panicum 


Panicum dichotomiflorum 


Gramineae 


Panicum 


226 


False oat-grass 


Arrhenatherum elatius 


Gramineae 


Arrhenatherum 


227 


Fat hen 


Chenopodium album 


Chenopodiaceae 


Chenopodium 


228 


Field bindweed 


Convolvulus arvensis 


Convolvulaceae 


Convolvulus 


229 


Field pansy 


Viola arvensis 


Violaceae 


Viola 


230 
231 


Field rat 


Arvicantbis niloticus, Rattus 


Rotentia: Muridae 


Arvicanthis 


Field vole 


Microtus agrestis 


Rotentia: Muridae 


Microtus 


232 


Filamentous bacteria jActinomycetales 




Actinomycetales 


! 233 jFlea beetle j Phyllotreta striolata 


Coleoptera: (Phyllotreta 
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234 


Flea heetle* 


iwHaeiocnema spp., rnyUotreta 


Coleoptera: 


Chaetocnema } 


23 f 


Fleas 


ruuciaae 


Siphonaptera 


- -j 

Puhcidae 


236 


Flies 


Diptcra 


msecta 


Diptera 


237 


Florida heo^arwppH 

A 1W4JUII WVtgfltTTCCU 


ijcsmoaium tortuosum 


Leguminosae 


Desmodmm ] 


238 


Flnnr hppflpc 


Cucujidae 


Coleoptera 


Cucujidae j 


239 


Flnnr hpptlpQ 


Tribolium spp. 


Coleoptera: 


Tribolium 


240 


Flnnr mifpc 

4. 1ULU LLULCo 


Acarus spp. 


Acari: Acaridae 


Acarus 


241 


Flv ^npr*Ic Hicpasp nn-nlp 


Schizothyrium pomi 


Dothidiales 


Schizothyrium 


242 


FoIIk*1p Tfllfpc 


Demodex spp. 


Acari: Demodicidae 


Demodex 


243 


Ffifif rot" pptpuIc -oraccAc 

1 VJV/L IULj UCICfllSj giabbCb 


Cochliobolus sativus 


Dothidiales 


Cochliobolus 


944 


root rot, Various nosts 


Aphanomyces spp. 


Saprolegniales 


Aphanomyces 


245 


rUUl IUL, Vdi iULJS JJOSLS 


Jrnytopntnora spp. 


Peronosporales 


Phytophthora » 


946 


Foot rot, various hosts 


Rhizoctonia spp. 


Stereales 


Rhizoctonia 


z*t / 


ruiiiiubaii icnriiLe 


Coptoterrnes formosanus 


Isoptera: 


Coptoterrnes 


248 


ruur-ieavBu water ciover 


Marsilea spp. 


Marstleaceae 


Marsilea 


249 




Sctaria spp. 


Gramineae 


Setaria 




roxiaii, giant 


Setaria raben 


Gramineae 


Setaria 


251 


FnYtnil orppn 
.TUAlall, Cell 


Setaria viridis 


Gramineae 


Setaria 


959 


roxuui, yenow 


Setaria glauca (= S. lutescens) 


Gramineae 


Setaria 


X J J 


r r can water snaus 


Lymnaea spp. 


Mollusca: Gastropoda 


Lymnaea 


954 


Fringe rushes 


Fimbristylis spp. 


Cyperaceae 


Fimbristylis 




rnt uy 


Oscinella frit 


Diptera: Chloropidae 


Oscinella 


7^£ 
ZjO 


Frog eye, soya 


Cercosporidium spp. (includes 


Hyphales 


Cercosporidium 


757 
Z J / 


rruit rues 


Dacus spp. 


Diptera: Tephritidae 


Dacus 


ZJO 


Fruit flies 


Drosophila spp. 


Diptera: Drosophilidae 


Drosophila 


~75Q 


Fruit rot, strawberries 


Mucor spp. 


Mucorales 


Mucor 


zou 


Fruit rot, various hosts 


Botrytis cinerea 


Hyphales 


Botrytis 


9/?! 


Fruit tree red spider mite 


Panonychus ulmi 


Acari: Tetranychidae 


Panonychus 


7A7 
ZOZ 


Fruit tree red spider mite predator 


Amblyseius finlandicus 


Acari: Phytoseiidae 


Amblyseius 


ZOJ 


Fruit tree red spider mite predator 


Typhlodromus pyri 


Acari: Phytoseiidae 


Typhlodromus 


Z04 


Fuchsia 


Fuchsia hybrida 


Onagraceae 


Fuchsia 


965 
ZOJ 


Fungal virus vector 


Polymyxa betae 


Plasmodiophorales 


Polymyxa 


76£ 
ZOO 


Fungi which produce no spores 


Agonomycetales 


Deutexomycotina 


Agonomycetales 


7A7 
ZO / 


Fungi with no known sexual stage, or 


Deuteromycetes 


DeuteromycorJna (- 


Deuteromycetes 


7AR 
ZOO 


Fungi, sexually produced spores in 


Ascomycotina 




Ascomycotina 


269 


Fungus gnats, sciarid flies 


ociariaae j 


Diptera 


Sciaridae 


"270 


Furniture beetie 


Anobium punctatum 


Coleoptera: Anobiidae 


Anobium 


271 


Fusarium foot and root rots, various 


Fusarium culmorum 


Hvrjhales 


FncAfiiiim 
i Hoax liiill 


272 


Fusarium wilt, various hosts 


Fusarium oxysporum 


Hyphales 


Fusarium 


273? 


Gall midges 


Cecidomyiidae 


Diptera 


Cecidomyiidae 


274 


Gangrene, potatoes 


Phoma exigua var. foveata 


Deuteromycotina 


Phoma 


275 


Garden wireworms 


Athous spp. 


Coleoptera: Elateridae 


Athous 


276 


German cockroach 


Blattella germanica 


Dictyoptera: Blattidae 


Blattella 


277| 


Giant knotweed 


Reynoutria sachalinensis 


Polygonaceae 


Reynoutria j 


278 j Glasshouse potato aphid 1 


Aulacorthum solani 


Homoptera: Aphididae 


Aulacorthum \ 


279 j Glasshouse whitefly 


Trialeuroides vaporariorum 


Homoptera. 


Trialeuroides 


280 j Glasshouse whitefly parasitoid 


Encarsia formosa 


Hymenoptera: 


Encarsia ! 
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281 


Glo eospormm rot, apples j Gl omerella cingulata 


Polystigmatales 


Glomerella 


282 


Gloeosporium rot, apples 


Gloeosporium spp. 


Deuteromycotina 


Gloeosporium ; 


283 


Glume blotch, wheat 


Leptosphaeria nodorum(= 


Jjotniuiales 


Leptosphaeria \ 


284 


Glume spots, various hosts 


Septoria spp. 


Sphaeropsidales 


Septoria 


285 


Golden hamster 


Mesocricetus auratus 


Rodentia: Cricetidae 


Mesocricetus i 


286 


Gooseberry bryobia mite 


Bryobia ribis 


Acan: Tetranychidae 


Bryobia 


287 


Goosegrass 


Eleusine indica 


Gramineae 


Eleusine 


288 


Gooseweed 


Sphenoclea zeylanica 


opnenocieaceae 


Sphenoclea 


9RQ 


Grain beetles 


Cryptolestes spp. 


Coleoptera: Cucujidae 


Cryptolestes 


9 on 


Grain mites 


Acarus spp. 


Acari: Acaridae 


Acarus 


9Q I 


Grass and cereal flics 


Opomyza spp. 


Diptera: Opomyzidae 


Opomyza 


909 


Grass moth* 


Chrysotcuchia caliginosellus (= 


Lepidoptera: Pyralidae 


Chry s oteuchi a 


Zyj 


Grasshoppers 


Acrididae 


Saltatoria 


Acrididae 


10 A 


Greasy blotch, carnation 


Zygopiala jamaicensis 


Spaeropsidales 


Zygopiala 




Green leafhopper 


Empoasca fabae 


Homoptera: Cicadellidae 


Empoasca 


zyo 


Green leafhoppers 


Nephotettix spp. 


Homoptera: Cicadellidae 


Nephotettix 




Green mould, citrus 


Penicillium digitatum 


Hyphales 


Penicillium 


90S 


Green rice leafhopper 


Nephotettbc impicticepts 


Homoptera: Cicadellidae 


Nepnctettix 


299 


Green rice leafhopper 


Nephotettix cincticeps 


Homoptera: Cicadellidae 


Nephotettix 


"3 nn 


Gypsy moth 


Lymantria dispar 


Lepidoptera: 


Lymantria 


JUI 


Halo blight, beans 


Pseudomonas phaseolicola 


Eubactenales 


Pseudomonas 


qryo 


Harvester ants 


Pogonomyrmex spp. 


Hymenoptera: 


Pogonomyrmex 


3UJ 


Head louse 


Pediculus capitis 


Phthiraptera: Pediculidae 


Pediculus 




Head smut, maize 


Sphacelotheca reiliana 


Ustilaginales 


Sphacelotheca 


305 


Helmet scale 


Saissetia coffeae 


Homoptera: Coccidae 


Saissetia 


306 


Helminthosporium blight, rice 


Helminthosporium oryzae 


Hypnales 


Helminthosporium 


[307 


Hemispherical scale 


Saissetia coffeae 


Homoptera: Coccidae 


Saissetia 


L£°? 

I arm 


Hemp sesbania 


Sesbania exaltata 


Leguminosae 


Sesbania 


Hom fly 


Haematpbia irritans 


Diptera: Muscidae 


Haematobia 




Homweed, common 


Ceratophyllum demersurh 


Ceratophyllaceae 


Ceratophyllum 


111 


Horse flies 


Tabanus spp. 


Diptera: Tabanidae 


Tabanus 


"312 


House fly 


Musca dbmestica 


Diptera: Muscidae 


Musca 




House longhorn beetle 


Hylotrupes bajulus 


Coleoptera: 


Hylotrupes 


314 
3~15 
316 
317 


House mosquito 


Culex fatigans (= C. 


Diptera 


Culex 


House mouse 


Mus domesticus, Mus musculus 


Rotentia: Muridae 


Mus 


Human body louse 


Pediculus humanus 


rutniraptera, reaicuuuae 


Pediculus 


Itch mite 


Sarcoptes scabiei 


Acari: Sarcoptidae 


Sarcoptes 


318 


Ivy 


Hedera helix 


Araliaceae 

ill oiiuu&aw 


llUUvl C* 


319 


Ixodid ticks 


Ixodidae 

Scirpusjuncoides 


Acari 

Cyperaceae 


Ixodidae 
Scirpus 


320 


Japanese bulrush 


321 
322 


Japanese field vole 


Microtus montebelli 


Rotentia: Muridae 


Microtus 


Japanese knotweed 


Reynoutria japonica (- 


Polygonaceae 


Reynoutria 


323[Jimson weed 


Datura stramonium 


Solanaceae 


Datura 


324 


Johnson grass 


Sorghum halepense 


Gramineae 


Sorghum 


325 


Joint vetches 


Aeschynomene spp. 


Leguminosae 


Aeschynomene 


"326 


Khapra beetle 


Trogoderma granarium 


Coleoptera: Dermestidae 


Trogoderma 




Knapweeds 


Centaurea spp. 


Compositae 


Centaurea 
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328 


Knot grass 


Polygonum aviculare 


Polygonaceae 


Polygonum 


329 


Knotweeds 


Polygonum spp. 


Poiygonaceae 


Polygonum 


330 


Kyllinga, green 


Cyperus brevifolius 


Cyperaceae 


Cyperus 


331 


Lace bugs 


Tingidae 


Heteroptera 


Tingidae 


332 


Large fruit flies 


Tephritidae 


Diptera 


Tephritidae 


333 


Large white butterfly 


Pieris brassicae 


Lepidoptera: Pieridae 


Pieris 


334 


Late flowering cyperus 


Cyperus serotinus 


Cyperaceae 


Cyperus 


335 


Leaf and pod spot, peas 


Ascochyta pinodes, Ascochyta 


Sphaeropsidales 


Ascochyta 


337 


Leaf blast, rice 


Pyricularia oryzae 


Hyphales 


Pyricularia 


338 


Leaf blight, rice 


Xanthomonas oryzae 


Eubacteriales 


Xanthomonas 


339 


Leaf blotch, barley and rye 


Rhynchosporium secaiis 


Hyphales 


Rhynchosporium 


340 


Leaf blotches, etc., various hosts 


Marssonina spp. 


Melanconiales 


Marssonina 


341 


Leaf miners 


Agromyza spp., Liriomyza spp., 


Diptera: Agromyzidae 


Agromyza 


344 


Leaf mould, tomato 


Fulvia fulva 


Hyphales 


Fulvia 


345 


Leaf scorch, apples 


Gymnosporangium spp. 


Uredinales 


Gymnosporangium 


346 


Leaf scorch, strawberry 


Diplocarpon earliana 


Helotiales 


Diplocarpon 


347 


Leaf smuts, various hosts 


Urocystis spp. 


Ustilaginales 


Urocystis 


348 


Leaf spot, apple 


Botryosphaeria obtusa (= 


Dothidialcs 


Botryosphaeria 


350 


Leaf spot, beans 


Ascochyta fabae 


Sphaeropsidales 


Ascochyta 


351 


Leaf spot, beet crops 


Cercospora beticola, Ramuiaria 


Hyphales 


Cercospora 


352 


Leaf spot, currants, gooseberry 


Pseudopeziza ribis 


Helotiales 


Pseudopeziza 


353 


Leaf spot, melon 


Corynespora melonis 


Hyphales 


Corynespora 


354 


Leaf spot, soya 


Cercosporidium spp. (includes 


Hyphales 


Cercosporidium 


355 


Leaf spot, sunflowers 


Diaporthe helianthi 


Diaporthales 


Diaporthe 


356 


Leaf spots, grasses 


Rhynchosporium spp. 


Hyphales 


Rhynchosporium 


336 
"349 


Leaf spots, various hosts 


Septoria spp. 


Sphaeropsidales 


Septoria 


Leaf spots, various hosts j Mycosphaerella spp. 


Dothidiales 


Mycosphaerella 


357 


Leaf spots, various hosts 


Alternaria spp.," Cercospora 


Hyphales 


Alternaria 


358 


Leaf spots, various hosts 


Ascochyta spp., Septoria spp. 


Sphaeropsidales 


Ascochyta 


359 
"342 


Leaf stripe, barley 


Pyrenophora graminea 


Dothidiales 


Pyrenophora 


Leaf-mining moths 


Leucoptera spp. 


Lepidoptera: Lyonetiidae 


Leucoptera 


343 


Leaf-mining moths 


Phyllonorycter spp. 


Lepidoptera: 


Phyllonorycter 


360 

~36\ 
362 


Leafhoppers 


Cicadellidae 


Homoptera 


Cicadellidae 


Leatherjackets 


Tipula spp. 


Diptera: Tipulidae 


Tipula 


Lemon-shaped cyst nematodes 


Heterodera spp. 


Nematoda: 


Heterodera 


"363 


Lesser armyworm 


Spodoptera exigua 


Lepidoptera: Noctuidae 


Spodoptera 


364 


Lesser bandicoot mole rat 


Bandicota benghalensis 


Rotentia: Muridae 


Bandicota 


365 


Lesser grain borer 


Rhyzopertha dominica 


V^UlcUpiUI a. DUdU lUUUttC 


Rhvyonfirtha 


366 


Lesser house fly 


Fannia canicularis 


Diptera: Muscidae 


Fannia 


367 


Light leaf spot, brassicas 


Pyrenopeziza brassicae 


Helotiales 


Pyrenopeziza 


368 
369 
"370 
371 


Liverworts 


Bryophyta 


Bryophyta 


Bryophyta 


Locusts 


Acrididae 


Saltatoria 


Acrididae 


Long-nosed cattle louse 
Long-tailed field mouse 


Linognathus vituli 
Apodemus sylvaticus 


PhtJiiraptera: 
Rotentia: Muridae 


Linognathus 
Apodemus 


372 


Loose silky-bent 


Apera spica-venti 


Grainineae 


Apera 


373 
"374 


Loose smut, barley, wheat 


Ustilago nuda 


Ustilaginales 


Ustilago 


Maize stalk borer 


Diatraea saccharalis 


Lepidoptera: Pyralidae 


Diatraea 
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37j 


Vlaize stalk rot ! Gibberella fujikuroi ] 


rlypocrealcs < 


jibberella j 


3 /o J 


Maize weevil ! Sitopbilus zeamais < 


Coleoptera: J 


Sitophilus , 


Jill 
J /o 


Mange mites jChonoptes spp., Notocdres spp., - 


Acari: Psoroptidae < 


Zhorioptes 


Mangold flea beetle | Chaetocnema concinna 


Coleoptera: < 


Chaetocnema 




Mangold fly j Pegomya hyoscamm 


Diptera: Anthomyiidae j] 


Pegomya 


jot) 


Mayweed, scentless jTripleurospermum maritimum 




rripleurospermum 


"3 0 1 

3ol 


Mayweeds 


Chamomilla spp., Matricaria 




382 


McDaniel's spider mite 


Ietranychus mcdanieli 


A.cari. l etrany cniaae j icuaujrouui 


383 


Meadow grass, annual 


?oa annua 


[jrammeae j Po^ 


384 


Meadow-grass, rough 


Poa triyialis 


Gramineae ' jPoa 


385 


Mealworms 


Alphitobius spp.. Tenebrio spp. 


Coleoptera: 1 Alphitobius 


IOC 

3oo 


Mealybugs 


Pseudococcus spp. 


Homoptera: |pseudococcus 


387 


Mediterranean black scale 


Saissetia oleae 


Homoptera: Coccidae j Saissetia 


388 


Mediterranean fruit fly 


Ceratitis capitata 


Diptera Ceratitis 


389 


Melanosis, citrus 


Diaporthe citri 


Diaporthales Diaporthe 


390 


Melon and cotton aphid 


Aphis gossypii 


Homoptera: Aphididae j Aphis 


391 


Mexican bean beetle 


Epilachna varivestis 


Coleoptera: j Epilachna 


392 


Mice 


Mus spp. 


Rotentia: Muridae IMus | 


393 
394 


Millepedes 


Diplopoda 


Myriapoda [Diplopoda 


Millet, Texas 


Panicum texanum 


Gramineae JPanicum 


395 


Minute black ladybird 


Stethorus punctum 


iColeoptera: • | Stethorus J 


396 


Mites 


Aculops spp., Calepitrimerus 


Acari: Eriophyidae [Aculops 


397 


Mock cypress 


Kochia scoparia 


Chenopodiaceae (Kochia j 


398 


Mole crickets 


Gryllotalpa spp. 


Saltatoria | Gryllotalpa » 


399 


Moles 


Talpa spp. 


Insectivora: Talpidae 


Talpa 1 


400 


Monilinia leaf blight, apple 


Monilinia mali 


Helotiales 


Monilinia j 


40 1 


Morning glory, ivy leaf 


Ipomoea hederacea 


Convolvulaceae 


Ipomoea 


402 


Morning glory, tall 


Ipomoea purpurea 


Convolvulaceae 


Ipomoea 


403 


Mosquitoes 


Cuiex spp. 


Diptera 


Culex 


404 


jMoss 


Polytrichum juniperinum 


Musci 


Polytrichum 


405 


Moss, aquatic 


Najas guadalupensis 


Najadaceae 


Najas 


406 


Mosses 


Bryophyta 


Bryophyta 


Bryophyta 


407 


Moth flies 


Psychodidae 


Diptera 


Psychodidae 


a no 

40 o 


Mugwort; wormwood 


Artemisia vulgaris 


Compositae 


Artemisia 


409 


Muscid flies 


Musca spp. 


Diptera: Muscidae 


Musca 


4lC 


Mushroom cecid 


Heteropeza pygmaea 


Diptera: Cecidomyiidae 


Heteropeza 


A~\ 1 


i Mushroom sciarid 


Lycoriella auripila 


Diptera: Sciaridae 


Lycoriella 


412 
413 


Mushrooms, etc. 


Agaricales 




Agaricales 


Neck rot, onions 


Botrytis allii 


Hyphales 


Botrytis _ 


414 


Needle nematodes 


Longidorus spp. 


Nematoda 


Longidorus 


415 
AU 


JNematodes 


Nematoda 




|Nematoda 


Net blotch, barley 


Pyrenophora teres 


Dothidiales 


Pyrenophora 


417 


Nettle, common 


Urtica dioica 


Urticaceae 
Urticaceae 


Urtica 


418 


Nettle, small 


Urtica urens 


Urtica 


415 


Nettles 


Urtica spp. 


Urticaceae 


Urtica 


l~42C 


> I Nipple wort 


Laps ana communis 


Compositae 


Lapsana 
|Noctuidae 


42 liNoctuid moths 


Noctuidae . 


Lepidoptera 
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Lxuiuicrii igoi uiigiiL, luaixc 


EJelminthosporium turcicum 


Hyphales jHelminthosporium 




L^t ULgi add 


^vnerus rotundus 


\s Y UOl Civ Cao 


"'vTipmc; 

vTuvl Ud 


A.1A 


Wnhcprltrpc 
LN ULbCUgvo 


PvnpniQ enn 
s*ypci ud ap p. 


Hvnprarpjie 
\s y pci atcdv 


n vnems 


6.1 S 


r\nt cfprilp 


A vena sterilis 

/\ V WL1U JlLfiuiJ 


fJraminpae 

VJi flit 1 1 1 l&Ov 


A vena 




uau i wiiu mm uuitivaLcuj 


A vena sun 


rrrflminpap 
VJI aJ 11 UlC ac 


A vena 


A.11 
/ 


WLU YrUllU l/UUYrUilil 


rTelienvema armitrera 


T pnirinntpxa* NoctniHap 


He lie overt) a 

X 1« UwVr WJ ^ ** 




Olivp -fruit flv 


Dacu^ oleae 


D inter a' Teohritidae 


Dacus 


490 


WlllUil CAJUUil 


Arrhenatherum elatius var. 


Oramineae 


Arrhenatherum 


4JU 


UHIUU Ullljpa 


Thrios tabaci 


Thv^anontera* Thrinidae 


Thrips 


41 1 


flrlpnftil tnViarrn r*nH\i/nrm 


T-Tplirnvpma a'jsulta 


Lepidopterai Noctuidae 


Helicoverpa ) 


419 


W/t YYalUIC ny 


fTvnod erma bo vis 


DiDtera* Oestridae 


Hvpoderma 


411 


r acme rai 


Rattus hawaiiensis 


"Rotentia* Muridae 


Rattus 


A1A 


raie pcrsicaria 


Pnlv^otium laDathifoliuni 


Pnlvponaceae 


Polygonum 


41^ 


r aim lai 


Rattns tiomanicus 


Rotentia: Muridae 


Rattus 




"DoTI If* OT5CCPC 

i aUJC ^laoova 


Panic um spp. 


Crramineae 


Panicum 


417 


.raraiysis uck. 


Ixodes holocvclus 


Apirri* TvnHiHflP 

rVLoll. lAULLllldw 


Ixodes 


A19 

43 a 


Parasitic yeasts 


lw.u[lllllul aLJlJ- 


T* r\ H n tn 17 n ptii 1 p c 

Ciiuuiiiy ccicuco 


fnnHiHa 

WdUUiUu 




Pea cyst nematode 


\J(*tf*rc\ripm cxnptrinoianfi 
JT.CLCiuu.wia ^uciuii^iaua 


Morn nfT\Ho • 


WptprnHpra 
11c lci uucia 


440 


Pea weevils 


0 nulla J>pp. 


r^nlpn'nfprfi* 
V^UlCULyiCla. 


Sitona 


/I A 1 

441 


Peach leaf-curl 


Tanhrinfl nVfnrman<; 
1 apui 111a uciuiiuimj 


1 apnnnaies 


1 dpi IT ill a. 


442 


Peach-potato aphid 


iviyzus persicae 


riomopiera 


IYIj'jCiUo 


443 


Pear leaf blister moth 


i_«eucupteio mdiuuiiciid 


T ni-iirloT^toTTS * T 11 OTlofllHdP 
l^cpiUUpLCia. i^>y UilCUJUaC 


T j*i 1 pontpra 


444 


Pear rust 


Gymnospofangium fuscum 


Uredinales 


rTvmnrnnnrnTicfilirn 
vjyiijuiuipui cuXqIlilii 


A AC 

445 


Pear rust mite 


Epitrimerus pyri 


r\Lan. ijl lupilYluac 


Pmlrimenis 


A AC 

44p 


Pearly green lacewing 


Chrysoperla carnea 


lrnntpra * f^VirvcnniHnp 


r , hrv^onerla 


A AH 

44/ 


Penicillium rots 


Penicillium spp. 




Penicillium 


44s 


Persicaria 


Polygonum persicaria 


& Uly gULLCtCCaC 


Polygonum 


/1/tQ 

4-4 y 


Petunia 


Petunia spp. 


iziUltUlaCCaC 


Petunia 


4jU 


Pharaoh's ant 


Monomorium pharaonis 


nyrncnuptcra. 


A/fonnmrirniTn 
ivi v/iiviiivji luixi 


4Dl 


Pheidole ants 


Pheidole megacephala 


Wvm enontera* 


Pheidole 


452 


Pickerel weed 


Monochoria vaginalis 




Monochoria 


453 


Pimpernel, false jLindernia procumbens 


o cr opnuiaridLcao 


7 indemia 

XJ lllvlwl ill A 


454 


Pine processionary caterpillar 


Thaumetopoea pityocampa . 


T am Ar\rytam' 

Lyepiuupicid. 


Thaiimetotioea 


T455 


Pink bollworm 


Pectinophora gossypiella " 


T pniHrvntPM" frpIprniinJiP 
i-fCpiUUpLCi a. vjci.cvul.iuaw 


Pectinoohora 


456 


Plantains 


Plantago spp. 


Plantaainaceae 

JT idiilu^jlilcio 


Plantago 


457 


Planthoppers 


Nilaparvata spp. 


riomop icr a* jL/wipiiaciuac 


"Milanarvata 


458 


Plum rust 


Tranzchelia pruni-spinosi 


Uredinales 


Tranzchelia 


459 


Pod rot, cocoa 


Monilia roreri 


Hyphales 


Monilia 


~460" 


Pollen beetle 


Meligethes aeneus 


Coleoptera: Nitidulidae 


Meligethes 


461 iPondweed, American 


Potamogeton distinctus 


Potamogetonaceae 


Potamogeton 


462 


jPondweeds 


Potamogeton spp. 


Potamogetonaceae 


Potamogeton 


463 


Poppies 


Papaver spp. 


Papaveraceae 


Papaver 


464 


Post-harvest rot 


Fusariura coeruleum 


Hyphales 


Fusarium 


465]Post-harvest rots 


Rhizopus spp. 


Mucorales 


Rhizopus 


466|Post-harvestrots 


Sclerotium spp. 


Agonomycetales 


Sclerotium 


467 [Potato aphid 


Macrosiphum euphorbiae 


Homoptera: Aphididae 


Macrosiphum 


i 468jPotato cyst nematodes 


jGloboderaspp. 


Nematoda: 


Globodcra 
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469 Potato ieafhoDDer (Eupterycybajucunda |I 


iomoptera: Cicadelhdae 3 


iUpLCl J \*jf Utt ■ 


470 Potato moth J 


3 hthorimaea operculella I 


„epidoptera: Gelechiidae J 


J hthorirnaea 


471 ] 


3 owdery mildew < 


Didium h'evea i 


£rys inhales 1 


Didium 


472 1 


^owdery mildew J 


^eveillula spp. 1 


irysiphales 


^eveillula 


473 3 


3 owdery mildew, apple 1 


3 odosphaera leucotricha 1 


irysiphales 


podospbaera 


474 1 


3 owdery mildew, beet crops 1 


Srysiphe betae 1 


Brysiphales ■ 


Erysiphe 


475 ] 


Powdery mildew, cereals, grasses ] 


Brysiphe graminis ) 


irysiphales 


Erysiphe 


476 ] 


3 owdery mildew, cucurbits 1 


irysiphe cichoracearum 1 


Erysiphales 


Erysiphe 


477 : 


Powdery mildew, cucurbits 


Sphaerotheca fuliginea 


irysiphales 


Sphaerotheca 


478 1 


Powdery mildew, grapevines 


Lmcinula necator 1 


Zrysiphales 


Qncimila 


479 , 


Powdery mildew, rose 


Sphaerotheca pannosa 


irysiphales 


Sphaerotheca 




480 


Powdery mildew, various hosts 


Phyllactinia spp. 


Brysiphales 


Phyllactinia 




481 j Prairie dogs 


Cynomys spp. 


Rodentia: Sciuridae 


Cynomys 


482 Predacious midges 


Cecidomyiidae 


Diptera 


Cecidomyiidae 




483 


Prickly pear cacti 


Opuntia spp. 


Cactaceae 


Opuntia ' 


484 


Primitive fungi (Phycomycetes) 


Mastigomycotina 




Mastigomycotina 


486 


Psyllids 


Psylla spp. 


Homoptera: Psyllidae 


Psylla 


487 


Purslane 


Portulaca oleracea 


Portulacaceae 


Portulaca 




488 


Pygmy beetle 


Atomaria linearis 


Coleoptcra: 


Atomaria 




489 


Pyralid moths 


Pyralidae 


Lepidoptera 


Pyralidae 


490 


Quackgrass 


Elymus repens _ 


Grarnineae 


Elymus 


491 


Rabbit 


Oryctolagus cuniculus 


Leporidae: Lagomorpha 


Oryctolagus 





492 
: 493 


Rabbit fur mite 


Cheyletiella parasitivorax 


Acari: Cheyletidae 


Cheyletiella 


i 


Ragweed, common 


Ambrosia artemisifolia 


Compositae 


Ambrosia 




494 


Rape 


Brassica napus 


Cruciferae 


Brassica 


495 


Ray blight, chrysanthemum 


Didymella ligulicola 


Dothidiales 


Didymella 


497 


Red core, strawberry 


Phytophthora fragariae 


Peronosporales 


Phytophthora 


498 


Red crevice tea mite 


Brevipalpus phoenicis 


Acari: Tenuipalpidae 


Brevipalpus _ 


499 


Red dead-nettle 


jLamiura purpureum 


L,aDlatae 


Lamium 


500 


Red sDider mites jPanonychus spp. 


Acari: Tetranychidae 


Panonychus 


501 


Red thread, turf 


Laetisaria fucifonnis 


Apnyuopnoraies 


Laetisaria 




496 


Red-billed quelea 


Quelea quelea 


Passeriformes: Ploceidae 


Quelea 




502 


Redroot pigweed 


Amaranthus retroflexus 


Amaraii tu «uc ac 


Amaranthus 


503 


Redshank 


Polygonum persicaria 


Polygonaceae 


Polygonum 




504 


Rhizomania virus 


Polymyxa betae 


Plasmodiophorales 


Polymyxa 




~505 


Rhododendron 


Rhododendron ponticum 


Ericaceae 


Khodoaenoron j 


506 


Rice brown planthopper 


Nilaparvata lugens 


Homoptera: Delphacidae 


Nilaparvata 




507 


Rice leaf beetle 


jOulema oryzae 


Coleoptera: 


Oulema 




508 


Rice leaf roller 


[Cnaphalocrocis medinalis 


Lepidoptera: Pyralidae 


Cnaphalocrocis 




509 


Rice leaf scald 


{Monographeila nivalis 


Sphaeriaies ■ _ 


Monographella^ 




51C 


Rice sheath blight 


Pellicularia sasakii 


Tulasnellales 


Pellicularia 




511 


Rice stalk borer 


Chilo suppressalis 


Lepidoptera: Pyralidae 


Chilo 

jChilo 

1 Lissorhoptrus 




112 


I Rice stem borer 


Chilo plejadellus 
Lissorhoptrus oryzophilus 


" Lepidoptera: Pyralidae _ 
Coleoptera: 







i Rice water weevil 
I Rice weevil 


Sitophilus oryzae 


Coleoptera: 


" j Sitophilus 






5 ] Ring-spot, brassicas 


Mycosphaerella brassicicola 


Dothidiales 

jDiptera: Anthomyiidae 


jMycosphaerella_ 
^Anthomyiidae, 




| 5 16 [Root flies 


Anthomyiidae, Delia spp. (= 
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519 1 


Root rot, brassicas I 


•'nytopntnora megaspenna i 


^prnnncntirsilps J 


5 hytophthora \ 


520 J 


Root rot, cereals, grasses < 


^ocrujoDOius sauvus j 


_y U t-lJIU.lQ-1 w«3 ' 


Zochliobolus ! 


521 1 


Root rot, tomato 1 


^olletotrichum coccodes 


L/fplnnrnnijilp^ 1 

VlCloJlwUiilCUCO ' 


Zolletotrichum 


522 : 


Root rots, various hosts * 


Aphanomyces spp. _ J 




\phanomyces 


523 


Root rots, various hosts 


3 homa spp. 


.sCUlCTUillj t»uuiia. J 


> homa j 


524 


Root rots, various hosts 


f^hiurn spp. [_ 


. ci uiiu j^jui ui&d j 


> ythium 


525 


Root rots, various hosts 


ilhizoctonia spp. 


jiercaieii 


ilhizoctonia 


517 


Root-knot nematodes 


VIeloidogyne spp. 


Sjpmfltnria 


Vleloidogyne 


518 


Root-lesion nematodes 


Pratylenchus spp. 


MpmarAHa' 
.NCiiiaiAJua. 


Pratylenchus 


526 


Rose aphid 


vlacrosiphum rosae 


H/>m nnt&m ' AnfiiHirfae 
rlOmupiCia. r\piliuivia& 


Viae rosip hum 


527 


Rose thrips 


Thrips fuscipennis 


1 Uy SaltUp ICi <*• i- m ilhlwiw 


Thrips 


528 


Rot, various crops 


Prtytopntnora paunivora 


ppmrtn^norales 


Phytophthora 


529 


Rots of stems, storage organs, etc., 


Sclerotinia sclerotiorum 


W#» Irk finite 


Sclerotinia 


531 


Rots, various hosts 


Pelliculariaspp." 


l uiasneiiaies 


Pellicularia. 


532 


Rots, various.hosts 


Sclerotium rolfeii 


A aAnnmvi^pf!) IPC 

A gonomy ^ C la ICa 


Sclerotium 


530 


Rots, various hosts (Imperfect fungi 


Fusarium spp. 


Hvnhales 


Fusarium 


i 533 


Rough Cocklebur 


Xanthium strumarium 


compos 11 rtC 


Xanthium 


534 


Roughseed bulrush 


Scirpus mucronatus 




Scirpus 


535 


Rubbery rot, potatoes 


Geotrichum candidum 


Hypnaies 


Geotrichum 


"536 


Runch 


Raphanus raphanistrum 


Cruciferae 




537 


Rush', flowering 


Butomus umbellatus 


Butomaceae 


Butomus 


538 


Russian thistle 


Salsola kali 


Chenopodiaceae 


Salsola 


540 


Rust fungi 


Uredinales 


B as idiomy cotina 


I Jredinales 


541 


Rust mite, apple 


Aculus schlechtendali 


Acan. uriopny iuac 


Aculus 


542 


Rust mites 


Aculus spp. 


Acan. uriopny iuac 


Aculus 


543 


Rust mites 


Phyllocoptruta spp. 


A can! rinopnyiuae 


Phyllocoptruta 


539 


Rust beet crops 


iUromyces betae 


ureamaies 


Uromvces 


545 


Rust mses iPhragmidium mucronatum 


f T-rorlinalpc 

ureumdica 


Phragmidium 


546 


Rust, soya 


jPhakopsora pachyrhizi 


U iCO UltliCa 


Phakopsora 


547 


Rust, various hosts 


(Puccinia spp., Uromyces spp. 


ureounaies 
Coleoptera: 


Puccinia 
Tribolhim 


"544 
548 


Rust-red flour beetle 
Ryegrass, italian 


Tribolium castaneum 
Loiium multifiorum 


fri-amiri pap 


Loiium 


549 


Ryegrass, perennial 


Lolium perenne 


f~\. -m trio OP 

uranunede 


Loiium 


550 


Ryegrasses 


Loiium spp. 


C\ ra m inPHP 


Loiium 


551 


San Jose" scale 


Comstockaspis perniciosus 


UriTnontpra' fnccidae 


Comstockaspis j 


\552\ Saprophytic fungi 


Paecilomyces spp. 




Paecilomyces 


553]Saramatta grass 


Ischaemum rugosum 


\Jl ailiJilt'Cit 


Ischaemum 


5 54 i Saw-toothed grain beetle 


Oryzaephilus surinamensis 


Coleoptera: Cucujidae 


Oryzaephilus 


TsT Sawflies 


Diprion spp. 


Hymenoptera: 


Diprion 


55* 


[Scab, apples 


" Venturia inaequalis 


Dothidiales 


Venturia 


5~51 


' Scab, cereals 


Gibberella spp. (= various 


Hypocreales 


Gibberella 


55? 


I IScab. citrus 


Elsinoe fewcettii 


Dothidiales 


Elsinoe 


559 (Scab, pears 


Venturia pirina 


Dothidiales 


Venturia 


5(F6]Scabies mites, etc. 


Sarcoptes'spp. 


Acari: Sarcoptidae 


Sarcoptes 


1 5611 Scale insect 


fbidesmococcus brevipes 


Homoptera: Coccidae 


Didesmococcus 


56: 


I Scale insects 


[Coccus spp. 


Homoptera: Coccidae 


Coccus 


"is: 


\ Scale insects " (Coccidae, Diaspidae, 


Homoptera 


Coccidae, 
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564 


Scentless mayweed 


Matricaria perforata (= M. 


Compositae 


Matricaria ; 


565 


Sclerotinia rots, various hosts 


Sclerotinia spp. 


Helotiales 


Sclerotinia 


i . 

I 


566 


Scuttle flies 


Megaselia spp. 


DiptEra: Phoridae 


Megaselia 


"1 

-! 


567 


Sea club-rush 


Scirpus maritimus 


Cypexaceae 


Scirpus 


t 
i 


563 


Sea-rush 


Juncus maritimus 


Juncaceae 


Juncus 


569 


Sedges 


Carex spp. 


Cyperaceae 


Carex . 


570 


Seed-eating ants 


Monomorium spp. 


Hymenoptera: 


Monomorium 


i 


571 


Septoria leaf spot, wheat 


Mycosphaerella graminicola 


Dothidiales 


Mycosphaerella 




572 


Sharp eyespot, cereals 


Ceratobasidium cereale 


Tulasnellales 


Ceratobasidium 


573 


Shattercane 


Sorghum bicolor 


Gramineae 


Sorghum 


574 


Sheep biting louse 


Bovicola OYis 


Phthiraptera: 


Bovicola 


575 


Sheep ked 


Melophagus ovinus 


Diptera: Hippoboscidae 


Melophagus 




576 


Sheep maggot fly 


Lucilia sericata 


Diptera: Calliphoridae 


Lucilia 




577 


Sheep sucking louse 


Linognathus ovillus 


Phthiraptera: 


Linognathus 


578 


Sheep tick 


Ixodes ricinus 


Acari: Ixodidae 


Ixodes 


: 579 


Shepherd's purse 


Capsella bursa-pastoris 


Cruciferae 


Capsella 


| 580 


Short-nose cattle louse 


Haematopinus eurysternus 


Phthiraptera: 


Haematopinus 


1581 


Shothole, prunus 


Stigmina carpophila 


Hyphales 


Stigmina 


: 582 


Siam weed 


Eupatorium odoratum(= 


Compositae 


Eupatorium 


: 583 


Sickle pod 


Cassia obtusifolia 


Legurninosae (Fabaceae) 


Cassia 




i 584 


Silver scurf, potatoes 


Helminthosporium solani 


Hyphales 


Helminthosporium 




585 


Skin spot, potatoes 


Polyscytalum pustulans 


Hyphales 


Polyscytalum 


"586 


Slaters 


Isopoda 


Crustacea 


Isopoda 


587 


Slugs 


Gastropoda 


Mollusca 


Gastropoda 


588 


Small brown planthopper 


Laodelphax striatella 


Homoptera: Delphacidae 


Laodelphax 


589 


Small white butterfly 


Pieris rapae 


Lepidoptera: Pieridae 


Pieris 





590 


Smartweed 


Polygonum persicaria 


Polygonaceae 


Polygonum 




591 


Smooth sowthistie 


Sonchus oleraceus 


Compositae 


Sonchus 


592 


Smooth witchgrass 


Panicum dichotomiflorum 


Gramineae 


Panicum 


593 


Smut diseases, various hosts 


Ustilago spp. 


Ustilaginales 


Ustilago 


594 


Smut, various hosts 


Tilletia spp. 


Ustilaginales 


Tilletia"** 


595 


Snails 


Gastropoda 


Mollusca 


Gastropoda 


596 


Snow mould, grasses, cereals 


Microdochium nivalis 


Hyphales 


Microdochium 


597 


Snow rot, cereals 


Typhula incarnata 


Aphyllophorales 


Typhula 


598 


Social wasps 


IVespulaspp! 


Hymenoptera: Vespidae 


Vespula 


599 


Sooty blotch, apple pear and citrus 


[Gloeodes pomigena 


Sphaeropsidales 


Gloeodes 


600 


Sooty mould 


Cladosporium spp. 


Hyphales 


Cladosporium 




Am 

OU 1 




Sorghum stjd 


Gramineae 


Sorghum 




602 


South American leaf miner 


Liriomyza huidobrensis 


Diptera: Agromyzidae 


Liriomyza 




603 


Southern root-knot nematode 


Meloidogyne incognita 


Nematoda 


Meloidogyne 




604 


Soya bean looper 


Anticarsia gemmatalis 


Lepidoptera: Noctuidae 


Anticarsia 




605 


Speedwell, common field 


Veronica persica 


Scrophulariaceae 


Veronica 




606 


Speedwell, ivy-leaved 


Veronica hederifolia 


Scrophulariaceae 


Veronica 




"607 


Speedwell, slender 


Veronica filiformis 


Scrophulariaceae 


Veronica 


s 

i 


608 


Spider mites 


Tetranychus spp. 


Acari: Tetranychidae 


Tetranychus 


609 


Spike rush 


Eleocharis acicularis 


Cyperaceae 


Eleocharis 


... 


610 


Spiny bollworms 


Earias spp. 


Lepidoptera: Noctuidae 


^Earias 
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611 


Spiny sida 


Sida spinosa 


Malvaceae 


Sida 


612 


Spiral nematodes 


Helicotylenchus spp. 


Nematoda: Tylenchidae 


Helicotylenchus 


613 


Spotted spurge 


Euphorbia maculata 


Euphorbiaceae 


Euphorbia j 


614 


Sprangletop, bearded 


Leptochloa fascicularis (= 


Gramineae 


Leptochloa j 


615 


Sprangletop, red 


Leptochloa chinensis 


Gramineae 


Leptochloa i 


616 


Spur blight, cane fruit 


Didymella applanata 


Dothidiales 


Didymella 


617 


Stable fly 


Stomoxys calcitrans 


Diptera: Muscidae 


Stomoxys 


618 


Stalk rots, various hosts 


Diplodia spp. 


Sphaeropsidales 


Diplodia 


619 


Stem borers 


Chilo spp. 


Lepidoptera: Pyralidae 


Chilo 


620 


Stem canker, sunflowers 


Diaporthe helianthi 


Diaporthales 


Diaporthe 


"621 


Stem nematode 


Ditylenchus dipsaci 


Nematoda: Tylenchidae 


Ditylenchus 


622 


Stem rots, various hosts 


Phoma spp. 


Deuteromycotina 


Phoma 


623 


Stinking chamomile 


Anthemis cotula 


Compositae 


Anthemis 


624 


Stinking mayweed 


Aiithemis cotula 


Compositae 


Anthemis 


625 


Storage fungi 


Aspergillus spp. 


Hyphales 


Aspergillus 


"626 


Stubby-root nematodes 


Trichodorus spp. 


Nematoda 


Trichodorus 


627 


Sucking lice 


Linognathus spp. 


Phthiraptera: 


Linognathus 


628 


Sugar beet root maggot 


Tetanops myopaeformis 


Diptera: Otitidae 


Tetanops 


629 


Summer fruit tortrix moth 


Adoxophyes orana 


Lepidoptera: Tortricidae 


Adoxophyes 


630 


Sunflower 


Helianthus annuus 


Compositae 


Helianthus 


631 


Symphilids 


Symphyia spp. 


Myriapoda 


Symphyia 


632 


Tan spot, wheat 


Pyrenophora tritici-repentis 


Dothidiales 


Pyrenophora 


633 


Tarsonemid mites 


Tarsonemus spp. (= 


Acari: Tarsoneraidae 


Tarsonemus 


634 


Tea leaf roller 


Caloptilia theivora 


Lepidoptera: 


Caloptilia 


635 


Termites 


Coptotermes spp. 


Isoptera: 


Coptotermes 


"636 


Tetranychid mites 


Eotetranychus spp., 


Acari: Tetranychidae 


Eotetranychus ! 


637 


Texas citrus mite 


Eutetranychus banksi 


Acari: Tetranychidae 


Eutetranychus j 


638 


Thistle, creeping 


Cirsium arvense 


Compositae 


Cirsium 


639 


Thistles 


Carduus spp. 


Compositae 


Carduus 


640 


Thorn apple 


Datura stramonium 


Solanaceae 


Datura 


641 


Thrips • 


Thrips spp. 


Thysanoptera: Thripidae 


Thrips 


"642 


Ticks 


Amblyomma spp. 


Acari: Ixodidae 


Amblyomma 


643 


Ticks 


Boophilus microplus 


Acari: Ixodidae 


Boophilus 


644 


Ticks 


Ixodes spp. 


Acari: Ixodidae 


Ixodes 


645 


Ticks 


Rnipicephalus spp. 


Acari: Ixodidae 


Rhipicephalus 


646 


Tobacco budworm 


Heliothis virescens 


Lepidoptera: Noctuidae 


Heliothis 


"647 


Tobacco flea beetle 


Epitrix hirtipennis 


Coleoptera: 


Epitrix 


"648 


Tobacco whitefly 


Bemisia tabaci 


Homoptera: Aleyrodidae 


Bemisia 


649 


Tomato canker 


Clavibacter michiganensis 


Eubacteriales 


Clavibacter 


650 


Tomato leaf miner . 


Liriomyza bryoniae 


Diptera: Agromyzidae 


Liriomyza 


651 


Tomato pinworm 


Keiferia lycopersicella 


Lepidoptera: Gelechiidae 


Keiferia 


I S^jTortrix moths 


Tortrix spp. 


Lepidoptera: Tortricidae 


Tortrix 


1 653 {Tropical green rice leafhopper 


jNepbotettix nigropictus 


Homoptera: Cicadellidae 


Nephotettix 


654 jTrue crickets 


|Gryllidae 


Saltatoria 


Gryllidae 


' 655|Tsetse flies 


Glossina spp. 


Diptera: Glossinidae 


Glossina 


656 (Turnip gall weevil 


Ceutorhynchus pleurostigmata 


Coleoptera: 


Ceutorhynchus 


657 iTunup moth 


Agrotis segerum 


Lepidoptera: Noctuidae 


Agrotis 
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658 


Two-spotted spider mite 


Tetranychus urticae 


Acari: Tetranychidae 


Tetranychus "j 


659 


Two-spotted spider mite predator 


Phytoseiulus persimilis 


Acari: Phytoseiidae 


Phytoseiulus \ 


660 


Umbrella plant 


Cyperus diffbrmis . 


Cyperaceae 


Cyperus 


661 


Valsa canker of apple 


Valsa ccratosperma 


Diaporthales 


Valsa 


662 


Velvctleaf 


Abutilon theophrasti 


Malvaceae 


Abutilon 


663 


Verticillium wilt, various hosts 


Verticillium spp. 


Hyphales. 


veruciluum 


664 


Vine weevil 


Otiorhynchus sulcatus 


Coleoptera: 


Otiorhynchus 


665 


Wandering Jew 


Conunelina spp. 


Commelinaceae 


Commelina 


666 


Warble flies 


Hypoderma spp. 


Diptera: Oestridae 


Hypoderma 


667 


Warehouse moth 


Ephestia elutella 


Lepidoptera: Pyralidae 


Ephestia 


668 


Water duckweed 


Pistia stratiotes 


Araceae 


ristia 


669 


Water hyacinth 


Eichhomia crassipes 


Pontederiaceae 


Eichhomia 


670 


Water plantain 


Alisma plantago-aquatica 


Alismataceae 


Alisma 


671 


Water plantain, narrow leaved 


Alisma lanceolatum 


Alismataceae 


Alisma 


672 


Water primroses 


Jussiaea spp. 


Onagraceae 


Jussiaea 


673 


Water purslane 


Ludwigia peploides 


Onagraceae 


Ludwigia 


674 


Water weed 


Elodea canadensis 


Hydrocharitaceae 


bloaea 


675 


Weevils 


Curculionidae 


Coleoptera 


Curculionidae 


676 


Western flower thrips 


Frankliniella occidentalis 


Thysanoptera: Thripidae 


Frankliniella 


677 


Wheat bulb fly 


Delia coarctata 


Diptera: Anthomyiidae 


Delia 


679 


White blister 


Albugo Candida 


Peronosporales 


Albugo 


68Q 


White leaf spot, oilseed rape 


Pseudocercosporeila capsellae 


Hyphales 


Pseudocercosporeila 


"681 


White leaf spot, strawberry 


Mycosphaerella fragariae 


Dothidiales 


Mycosphaerella 


682 


White mould, mushrooms 


Mycogone perniciosa 


Hyphales 


Mycogone 


683 


White mustard . 


Sinapis alba 


Cruciferae 


Sinapis 


684 


White Tot, onion 


Sclerotium cepivorum 


Agonomycetales 


Sclerotium 


685 


White rot, timber 


Ganoderma spp. 


Ganodennataceae 


Ganoderma 


678 


White-backed planthopper 


Sogatella furcifera 


Homoptera: Delphacidae 


Sogatella 


686 


Whiteflies 


Bemisiaspp. " 


Homoptera: Aleyrodidae 


Bemisia 


687 


Wild oat 


Avena fatua 


Gramineae 


Avena 


688 


Wild oat, winter 


Avena steriiis ssp. ludoviciana 


Gramineae 


Avena 


689 


Wild pansies 


Viola spp. 


Violaceae 


Viola 


690 


Wild pig 


Sus scrofa 


Artiodactyla: Suidae 


bus 


691 


Wild radish 


Raphanus raphanistrum 


Cruciferae 


Raphanus 


692 


Wilts, various hosts (Imperfect fungi 


Fusarium spp. 


Hyphales 


Fusarium 


"693 


Wimmera ryegrass 


Lolium rigidura 


Gramineae 


T nlillTY! 


694 


Wireworms 


Agriotes spp. 


L/OieopLcra. .ciaieriuae 


A tinntpc 


050 


Woodlice 


Isopoda 


Crustacea 


Isopoda 


696 


Woolly aphid 


Eriosoma lanigerum 


Homoptera: 


Eriosoma 


697 


Yeasts ■ 


Endomycetales 


Ascomycotina 


Endomycetales 


"698 


Yellow cereal fly 


Opomyza florum 


Diptera: Opomyzidae 


Opomyza 


699 


Yellow fever mosquito 


Aedes aegypti 


Diptera: Culicidae 


Aedes 


700 


Yellow nutsedge 


Cyperus esculentus 


Cyperaceae 


Cyperus 


701 


Yellow rust, cereals 


Puccinia striiformis 


Uredinales 


j Puccinia 


702 


Yellow underwing moth 


Noctua pronuba . 


Lepidoptera: Noctuidae 


jNoctua J 


703 


Yew 


Taxus baccata 


Taxaceae 


; Taxus 


485 


zygospores. jZygomycotina 




jZygomycotina 
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Claims : 

1. A method of identifying compounds having 
pesticidal activity, which method comprises: 

providing microscopic nematode worms expressing a 
pest SERCA protein, said protein being derived from a 
pest species, other than the C. elegans SERCA protein; 
and 

detecting a phenotypic, biochemical or behavioural 
indicator of SERCA activity in the nematode worm in 
the presence or absence of test compounds; 

wherein a reduction in SERCA activity in the 
presence of a compound is taken as an indication that 
the compound has pesticidal activity. 

2. A method of identifying compounds capable of 
down-regulating the activity of a sarco/endoplasmic 
reticulum calcium ATPase, which method comprises: 

providing microscopic nematode worms expressing a 
pest SERCA protein, said- protein being derived from a 
pest species, other than the C. elegans SERCA protein; 

detecting a phenotypic, biochemical or behavioural 
indicator of SERCA activity in the microscopic 
nematode worm in the presence or absence of test 
compounds; and 

thereby identifying compounds capable of down- 
regulating the activity of SERCA. 

3. A method as claimed in claim 1 or claim 2 
wherein the microscopic nematode worm is C. elegans. 

4 . A method as claimed in any one of claims 1 to 
3 wherein the pest species is an invertebrate . 

5. A method as claimed in claim 4 wherein the 
invertebrate is an arthropod. 
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6. A method as claimed in claim 5 wherein the 
arthropod is an insect. 

7. A method as claimed in claim 4 wherein the 
invertebrate is a nematode other than C. elegrans. 

8. A method as claimed in any one of claims 1 to 
3 wherein the pest species is a rodent. 

9. A method as claimed in any one of claims 1 to 
3 wherein the pest species is a plant. 

10. A method as claimed in any one' of " claims 1 to 
3 wherein the pest species is a fungus. 

11. A method as claimed in any one of the 
preceding claims wherein the C. elegans is transgenic 
C. elegans containing a transgene comprising nucleic 
acid encoding the pest SERCA protein operably linked 
to a promoter. 

12. A method as claimed in any one of claims 1 to 
11 wherein the microscopic nematode exhibits no or 
substantially reduced activity of the endogenous 
nematode SERCA protein in one or more tissues or cell 
types. 

13. A method as claimed in claim 12 wherein the 
nematode have a mutant genetic background. 

14. A method as claimed in claim 13 wherein the 
nematode is a mutant which exhibits no or 
substantially reduced expression of the endogenous 
nematode SERCA protein in one or more cell types or 
tissues . 
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15. A method as claimed in claim 14 wherein the 
nematode is mutant C. elegans which carries a loss-of- 
f unction or knock-out mutation in the chromosomal C. 
elegans sca-1 gene. 

5 

16. A method as claimed in claim 15 wherein the 
C. elegans have ok!90 genetic background. 

17. A method as claimed in claim 12 wherein 

10 expression of the endogenous nematode SERCA protein is 
inhibited in one or more tissues or cell types using 
double-stranded RNA inhibition. 

18. A method as claimed in claim 12 wherein the 
15 nematodes are treated with a SERCA inhibitor to reduce 

the activity of the endogenous SERCA protein and the 
pest SERCA protein is. resistant to inhibition by the 
said SERCA inhibitor. 

20 19. A method as claimed in claim 18 wherein the 

pest SERCA protein is modified so as to be resistant 
to inhibition by the said SERCA inhibitor. 

20. A method as claimed in claim 19 wherein the 
25 SERCA inhibitor is thapsigargin and the pest SERCA 

protein carries a thapsigargin resistance mutation - 

21. A .method as claimed in claim 20 wherein the 
thapsigargin resistance mutation is a single amino 

30 acid substitution equivalent to a Phe259Val 

substitution in the C. elegans SERCA protein. 

22. A method as claimed in claim 11 wherein the 
transgene comprises nucleic acid encoding the pest 

35 SERCA protein operably linked to a promoter which is 

capable of directing tissue or cell-type specific gene 
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expression in a tissue or cell type which exhibits no 
or background activity of the endogenous nematode 
SERCA protein. 

5 23, A method as claimed in claim 22 wherein the 

nematode is C. elegans and the promoter is capable of 
directing specific gene expression in cne or more C. 
elegans neurons. 

10 24. A method as claimed in claim 23 wherein the 

promoter is the unc-119 promoter . 

25. A method as claimed in any one of ■ claims 1 to 
24' wherein the indicator of SERCA activity is pharynx 

15 pumping efficiency. 

26. A method as claimed in any one of claims 1 to 
24 wherein the indicator of SERCA activity is egg 
laying behaviour. 

20 

27. A method as claimed in any one of claims 1 to 
24 wherein the indicator of SERCA activity is mating - 
behaviour. 

25 28. A method as claimed v in any one of claims 1 to 

24 wherein the indicator of SERCA activity is Ca 2+ 
concentration in one or more tissues or cell types. 

29. A method as claimedin any one of claims 1 to 
30 24 wherein the indicator of SERCA activity is 
defecation behaviour. 



35 



30. A method as claimed in any one of claims 1 to 
24 wherein the indicator of SERCA activity is growth 
rate. 
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31- A method as claimed in any one of claims 1 to • 
24 wherein the indicator of SERCA activity is movement 
behaviour. 

32. A method as claimed in any one of claims 1 to 
24 wherein the indicator of SERCA activity is 
life/death of the C. elegans. 

33. A method of identifying compounds having the 
potential to kill pests using the nematode worm C. 
elegans r which method comprises: 

providing microscopic nematodes which exhibit 
wild-type activity of the endogenous nematode SERCA 
protein; and 

detecting a phenotypic, biochemical or behavioural 
indicator of SERCA activity in the nematodes in the 
presence or absence of test compounds; - 

wherein a reduction in SERCA activity in the 
presence of a compound is taken as an indication that 
the compound has the potential to kill pests. 

34. A method of identifying compounds capable of 
down-regulating the activity of a sarco/endoplasmic 
reticulum calcium ATPase, which method comprises: 

providing microscopic nematodes which exhibit 
wild-type activity of the endogenous nematode SERCA 
protein; 

detecting a phenotypic, biochemical or behavioural 
indicator of SERCA activity in the nematodes in the 
presence or absence of test compounds; and 

thereby identifying compounds capable of down- 
regulating the activity of SERCA. 

35. A method as claimed in claim 33 or claim 34 
wherein the microscopic nematodes are C. elegans. 
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36. A method as claimed in claim 33 or claim 34 
wherein the microscopic nematode strain is a wild-type 
strain. 

37. A method as claimed in claim 33 or claim 34 
wherein the microscopic nematode strain is a mutant 
strain. 

38. A method as claimed in claim 37 wherein the 
mutant strain is a constitutive pharynx pumping 
mutant . 

39. A method as claimed in any one of claims 33 
to 38 wherein the indicator of SERCA activity is 
pharynx pumping efficiency. 

40. A method as claimed in any one of claims 33 
to 38 wherein the indicator of SERCA activity is egg 
laying behaviour. 

41. A method as claimed in any one of claims 33 
to 38 wherein the indicator of SERCA activity is 
mating behaviour. 

42. A method as claimed in any one of claims 33 
to 38 wherein the indicator of SERCA activity is Ca 2+ 
concentration in one or more tissues or cell types. 

43. A method as claimed in any one of claims 33 
to 38 wherein the indicator of SERCA activity is 
defecation behaviour. 

44. A method as claimed in any one of claims 33 
to 38 wherein the indicator of SERCA activity is 
growth rate. 

45. A method as claimed in any one of claims 33 
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to 38 wherein the indicator ot SfclKUA activity is 
movement behaviour. 

46. A method as claimed in any one of claims 33 
5 to 38 wherein the indicator of SERCA activity is 

life/death of the C. elegans. 

47. A method of identifying compounds having 
pe'sticidal activity, which method comprises: 

10 providing cultured cells expressing a SERCA 

protein; and 

detecting a phenotypic, biochemical or behavioural 
indicator of SERCA activity in the cells in the 
presence or absence of test compounds; 
15 wherein a reduction in SERCA activity in the 

presence of a compound is taken as an indication that 
the compound has pesticidal activity. 

48. A method of identifying compounds capable of 
20 down-regulating the activity of a sarco/endoplasmic 

reticulum calcium ATPase, which method comprises: 

providing cultured cells expressing a SERCA 
protein; 

detecting a phenotypic, biochemical or behavioural 
25 indicator of SERCA activity in the cells in the 
presence or absence of test compounds; and 

thereby identifying compounds capable of down- 
regulating the activity of SERCA. 

30 49. A method as claimed in claim 43 or claim 4 9 

wherein the cultured cells are derived from a pest 
species . 

50. A method as claimed in claim 4 8 or claim 4 9 
35 wherein the pest species is an insect. . 



51. A method as claimed in claim 48 or claim 49 
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wherein the cultured cells are eukaryotic host cells 
containing an expression vector comprising nucleic- 
acid encoding a SERCA protein. 

52 . A method as claimed in claim 51 wherein the 
host cells are a cell line capable of growing in 
monolayer or suspension culture. 

53. A method as claimed in claim 52 wherein the 
host cells are C0S1, BHK21, L929 r PC12, CVl, SWISS3T3, 
HT144, IMR32, HEPG2, MDCK, MCF7, HEK293, Hela, A549, 
SW48 or G361. 

54. A method as claimed in any one cf claims 51 
to 53 wherein the SERCA protein is a pest SERCA 
protein. 

55. A method as claimed in any one of claims 47 
to 54 wherein the indicator of SERCA activity is 
intracellular Ca 2+ concentration. 

56. A method as claimed in claim 55 wherein the 
indicator of SERCA activity is Ca 2+ concentration in 
the endoplasmic reticulum. 

57. A method as claimed in any one of claims 47 
to 54 wherein the indicator of SERCA activity is 
cellular apoptosis. 

58. A method of identifying compounds having 
pesticidal activity, which method comprises: 

isolating microsomes from cultured cells 
expressing a SERCA protein; and 

measuring Ca 2+ levels in the microsomes in the 
5 presence or absence of test compounds ; 

wherein a reduction in SERCA activity in the 
presence of a compound is taken as an indication that 
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the compound has pesticidal activity. 

59. A method of identifying compounds capable of 
down-regulating the activity of a sarco/endoplasmic 
reticulum calcium ATPase, which method comprises: 

isolating microsomes from cultured cells 
expressing a SERCA protein; 

measuring Ca 2+ levels in the microsomes in the 
presence or absence of test compounds; and 

thereby identifying compounds capable of down- 
regulating the activity of SERCA. 

60- A method as claimed in claim 58 or claim 59 
wherein the cultured cells are derived from a pest 
species . 

61- A method as claimed in claim 58 or claim 59 
wherein the cultured cells are eukaryotic host cells 
containing an expression vector comprising nucleic 
acid encoding a pest SERCA protein. 

62. A compound identified as having pesticidal 
activity using a method according to any one of claims 
1 to 61. 
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Figure 3: Sequence of pcDNA3 containing Axabldopsls SERCA cDNA 

gatccatggaagacgcctacgccagatctgtctcagaggtgcttgatttctttggggtagacccaacaaagggtctt 
tctgattctcaggttgttcatcattccaggctttatggcaggaatgtactgcctgadgagaaaagaacgccattctg 
gaaactggttctgaacagtttcgatgatttacttgtcaagatattgattgtggctgcaattgtttctttcgtattgg 
ctttggctaatggagagactggtttaacagcatttctggagccttttgtcattctgctgatattggctgcaaatgcg 
gcagtgggggtgatcacggagactaatgctgagaaggctcttgaggagctacgtgcctaccaagcaaatatagctac 
agtgttgcgaaatgggtgcttctctatcctaccagcaacagagctggttccaggcgacattgttgaagttactgtgg 
gatgtaagattccagctgacctgaggatgattgagatgtctagcaatacgtttcgagttgatcaagccattctaact 
ggtgaaagctgttccgtggaaaaagatgttgactgtactttaacaacaaatgctgtctaccaagacaagaaaaatat 
tttattttcgggaactgatgtggtcgcgggtaggggaagggctgttgtcattggagttggttcaaacaccgcaatgg 
gtagcatacacgattctatgttgcagacagatgatgaggcaactccattgaaaaagaagctggacgagtttggcagc 
tttttggctaaggtaattgcgggtatttgtgtacttgtgtgggttgtcaacattggtcacttcagtgacccttctca 
tggtggattttttaaaggcgcaattcactattttaagattgcagttgcccttgctgttgcagctattcctgaaggac 
ttcctgctgtcgtgacaacgtgtttagctcttggaacaaagaaaatggctcctttgaatgctattgtacggtcatta 
ccatctgtcgagacgcttgggtgcactactgtaatttgcagtgacaagactcgaacattgacaaccaatatgatgtc 
ggtgtctaagatatgtgtagtccaatctgcagagcatggtcctatgattaatgaattcctgttagtggagacaactt 
atgcaccagaaggtaccgtctttgacagcaatgggatgcagcttgacttacctgctcagtcaccttgccttcatcat 
ttagcaatgtgttcatcactctgcaatgactccatcttgcaatacaatccagataaggattcttatgaaaaaattgg 
agagtcaactgaagttgctcttcgagttcttgcagaaaaggttgggctccctggttttgattcaatgccttctgctc 
taaacatgttgagcaagcatgaacgtgcatcatattgcaaccattattgggaaaaccaattcaaaaaggtttatgtt 
ttggagtttactcgtgaccgaaaaatgatgagcgtcctatgtagccataagcaaatggatgttatgttctcaaaggg 
tgctccagagagtataatagctaggtgtaataaaattctctgcaacggtgatggttctgttgttcctctaactgctg 
ctggccgtgcagagcttgagtcgaggttttacagttttggcgatgaaacattgagatgcttagcattagcatttaag 
accgtgccccacggtcaacaaactatttcctatgataatgagaacgacctgacgtttattgggttggtgggaatgct 
tgatccaccaagagaagaagtgagagatgctatgcttgcgtgtatgactgctgggatacgtgttatagttgttactg 
gggataacaagtccacagcagagtcactatgtagaaaaataggggcttttgacaatctggtagacttttctggtatg 
tcctacaccgcttctgaatttgaacggcttccagcagtgcagcaaactctagcattgcgacggatgacacttttttc 
cagggttgaaccttcccacaaaaggatgcttgttgaagccctacagaaacaaaacgaagtggtggcaatgactggtg 
atggcgttaatgatgcccctgcattgaagaaagctgacattgggattgccatgggttctggaacagctgtagcaaag 
agtgcttcagatatggttttggctgatgataattttgcttcaatagttgcggctgttgcagaaggaagggctatata 
taataacacaaggcaattcattagatacatgattccttcaaatataggggaagtggtctgtatatttgttgcagctg 
tactgggaatccctgataccttggcacctgttcaacttctgtgggtcaatttggtaacagatggattgcctgccact 
gccattggctttaataaacaagattccgatgttatgaaggcaaaaccccgaaaggttggtgaagcagtggtcactgg 
gtggttattcttccgctatttggttatcggagtttatgtcggcctggccactgttgctggctttatatggtggtttg 
tttactctgatggtggtcctaaacttacttacagtgaactgatgaactttgaaacttgcgcacttagagagacaact 
tatccctgcagcatatttgaggatcggcacccatctactgtggctatgacagtacttgttgttgtcgagatgtttaa 
tgctctaaataacctcagcgaaaatcaatcccttctggttataaccccaaggagtaacttatggcttgttggttcaa 
ttatcctgacgatgcttctgcacgtgctaatattatatgttcatccactggcagtcttatgtgctgtcacgccatta 
tcctgggccgagtggactgctgttctgtatctttcgtttccagttatcatcatcgatgagcttctgaagttcctctc 
tagaaatacaggcatgagattcaggttcagattgaggaaggctgatttactccccaaggaccggcgtgacaagtagg 
ggccctattctatagtgtcacctaaatgctagagctcgctgatcagcctcgactgtgccttctagttgccagccatc 
tgttgtttgcccctcccccgtgccttccttgaccctggaaggtgccactcccactgtcctttcctaataaaatgagg 
aaattgcatcgcattgtctgagtaggtgtcattctattctggggggtggggtggggcaggacagcaagggggaggat 
tgggaagacaatagcaggcatgctggggatgcggtgggctctatggcttctgaggcggaaagaaccagctggggctc 
tagggggtatccccacgcgccctgtagcggcgcattaagcgcggcgggtgtggtggttacgcgcagcgtgaccgcta 
cacttgccagcgccctagcgcccgctcctttcgctttcttcccttcctttctcgccacgttcgccggctttccccgt 
caagctctaaatcggggcatccctttagggttccgatttagtgctttacggcacctcgaccccaaaaaacttgatta 
gggtgatggttcacgtagtgggccatcgccctgatagacggtttttcgccctttgacgttggagtccacgttcttta 
atagtggactcttgttccaaactggaacaacactcaaccctatctcggtctattcttttgatttataagggattttg 
gggatttcggcctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattaattctgtggaatgtgtgt 
cagttagggtgtggaaagtccccaggctccccaggcaggcagaagtatgcaaagcatgcatctcaattagtcagcaa 
ccaggtgtggaaagtccccaggctccccagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccata 
gtcccgcccctaactccgcccatcccgcccctaactccgcccagttccgcccattctccgccccatggctgactaat 
tttttttatttatgcagaggccgaggccgcctctgcctctgagctattccagaagtagtgaggaggcttttttggag 
gcctaggcttttgcaaaaagctcccgggagcttgtatatccattttcggatctgatcaagagacaggatgaggatcg 
tttcgcatgattgaacaagatggattgcacgcaggttctccggccgcttgggtggagaggctattcggctatgactg 
ggcacaacagacaatcggctgctctgatgccgccgtgttccggctgtcagcgcaggggcgcccggttctttttgtca 
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agaccgacctgtccggtgccctgaatgaactgcaggacgaggcagcgcggctatcgtggctggccacgacgggcgtt 
ccttgcgcagctgtgctcgacgttgtcactgaagcgggaagggactggctgctattgggcgaagtgccggggcagga 
tctcctgtcatctcaccttgctcctgccgagaaagtatccatcatggctgatgcaatgcggcggctgcatacgcttg 
atccggctacctgcccattcgaccaccaagcgaaacatcgcatcgagcgagcacgtactcggatggaagccggtctt 
gtcgatcaggatgatctggacgaagagcatcaggggctcgcgccagccgaactgttcgccaggctcaaggcgcgcat 
gcccgacggcgaggatctcgtcgtgacccatggcgatgcctgcttgccgaatatcatggtggaaaatggccgctttt 
ctggattcatcgactgtggccggctgggtgtggcggaccgctatcaggacatagcgttggctacccgtgatattgct 
gaagagcttggcggcgaatgggctgaccgcttcctcgtgctttacggtatcgccgctcccgattcgcagcgcatcgc 
cttctatcgccttcttgacgagttcttctgagcgggactctggggttcgaaatgaccgaccaagcgacgcccaacct 
gccatcacgagatttcgattccaccgccgccttctatgaaaggttgggcttcggaatcgttttccgggacgccggct 
ggatgatcctccagcgcggggatctcatgctggagttcttcgcccaccccaacttgtttattgcagcttataatggt 
tacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaa 
actcatcaatgtatcttatcatgtctgtataccgtcgacctctagctagagcttgg-cgtaatcatggtcatagctgt 
ttcctgtgtgaaattgttatccgctcacaattccacacaacatacgagccggaagcataaagtgtaaagcctggggt 
gcctaatgagtgagctaactcacattaattgcgttgcgctcactgcccgctttccagtcgggaaacctgtcgtgcca 
gctgcattaatgaatcggccaacgcgcggggagaggcggtttgcgtattgggcgctcttccgcttcctcgctcactg 
actcgctgccctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaa 
tcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgct 
ggcgtttttccafcaggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccga 
caggactataaagataccaggcgtttccccctggaagctccctcgtgcgctctcctgttccgaccctgccgcttacc 
ggatacctgtccgcctttctcccttcgggaagcgtggcgctttctcaatgctcacgctgtaggtatctcagttcggt 
gtaggtcgttcgctccaagctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaact 
atcgtcttgagtccaacccggtaagacacgacttatcgccactggcagcagccactggtaacaggattagcagagcg 
aggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaaggacagtatttggtat 
ctgcgctctgctgaagccagttaccttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggta 
gcggtggttfcttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatcttttct 
acggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcac 
ctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttacc 
aatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatccatagttgcctgactccccgtcgtg 
tagataactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgagacccacgctcaccggc 
tccagatttatcagcaataaaccagccagccggaagggccgagcgcagaagtggtcctgcaactttatccgcctcca 
tccagtctattaattgttgccgggaagctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgccatt 
gctacaggcatcgtggtgtcacgctcgtcgtttggtatggcttcattcagctccggttcccaacgatcaaggcgagt 
tacatgatcccccatgttgtgcaaaaaagcggttagctccttcggtcctccgatcgttgtcagaagtaagttggccg 
cagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatccgtaagatgcttttctgtg 
actggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgcccggcgtcaatacg 
ggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaa 
ggatcttaccgctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttc 
accagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgaca-cggaaatgttg 
aatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcabgagcggatacatatttg 
aatgtatttagaaaaataaacaaataggggttccgcgcacatttccccgaaaagtgccacctgacgtcgaccgatcg 
ggagatctcccgatcccctatggtcgactctcagtacaatctgctctgatgccgcatagttaagccagtatctgctc 
cctgcttgtgtgttggaggtcgctgagtagtgcgcgagcaaaatttaagctacaacaaggcaaggcttgaccgacaa 
ttgcatgaagaatctgcttagggttaggcgttttgcgctgcttcgcgatgtacgggccagatatacgcgttgacatt 
gattattgactagttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgcgttaca 
taacttacggtaaatggcccgcctggctgaccgcccaacgacccccgcccattgacgtcaataatgacgtatgttcc 
catagtaacgccaatagggactttccattgacgtcaatgggtggactatttacggtaaactgcccacttggcagtac 
atcaagtgtatcatatgccaagtacgccccctattgacgtcaatgacggtaaatggcccgcctggcattatgcccag 
tacatgaccttatgggactttcctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgcggtt 
ttggcagtacatcaatgggcgtggatagcggtttgactcacggggatttccaagtctccaccccattgacgtcaatg 
ggagtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgccccattgacgcaaatgggc 
ggtaggcgtgtacggtgggaggtctatataagcagagctctctggctaactagagaacccactgcttactggcttat 
cgaaattaatacgactcactatagggagacccaagcttggtaccgagctcg 
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Figure 4: Sequence of pcDNA3 containing Hellothis SERCA cDNA 

aatagtgtatgcggcgaccgagttgctcttgcccggcgtcaatacgggataataccgcgccacatagcagaacttta 
aaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgctgttgagatccagttcgat 
gtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagcgtttctgggtgagcaaaaacaggaa 
ggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatactcttcctttttcaatattat 
tgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggt 
tccgcgcacatttccccgaaaagtgccacctgacgtcgacggatcgggagatctcccgatcccctatggtcgacEct 
cagtacaatctgctctgatgccgcatagttaagccagtatctgctccctgcttgtgtgttggaggtcgctgagtagt 
gcgcgagcaaaatttaagctacaacaaggcaaggcttgaccgacaattgcatgaagaatctgcttagggttaggcgt 
tttgcgctgcttcgcgatgtacgggccagatatacgcgttgacattgattattgactagttattaatagtaatcaat 
tacggggtcattagttcatagcccatatatggagttccgcgttacataacttacggtaaatggcccgcctggctgac 
cgcccaacgacccccgcccattgacgtcaataatgacgtatgttcccatagtaacgccaatagggactttccattga 
cgtcaatgggtggactatttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgccccc 
tattgacgtcaatgacggtaaatggcccgcctggcattatgcccagtacatgaccttatgggactttcctacttggc 
agtacatctacgtattagtcatcgctattaccatggtgatgcggttttggcagtacatcaatgggcgtggatagcgg 
tttgactcacggggatttccaagtctccaccccattgacgtcaatgggagtttgttttggcaccaaaatcaacggga 
ctttccaaaatgtcgtaacaactccgccccattgacgcaaatgggcggtaggcgtgtacggtgggaggtctatataa 
gcagagctctctggctaactagagaacccactgcttactggcttatcgaaattaatacgactcactatagggagacc 
caagcttggtaccgagctcggatccatggaggacgctcactcgaaatccgtggatgaagtcttagggtacttcggta 
cagacccagacaaaggccttagtgcagaccaagtaaaaaggaaccaagataaatatgggccaaatgaactgcctgcg 
gaggagggcaaaagtatatggcagttagtcctggaacaattcgatgacctcttagtaaagattttgctgttagccgc 
tattatttcattcgttttagctttatttgaagaacacgaagacgcattctccgccttcgtagagccttttgttattt 
tacttattcttattgctaacgctgtagtaggagtatggcaggaaagaaatgccgaatccgccatcgaagctttaaaa 
gaatacgaacccgaaatgggtaaagtaatcagaggagacaaatccggtgtacagaaaatccgagccaaagaaatcgt 
acccggtgatgtcgtggaggtgtcagtcggtgacaaaatccccgctgacatccgtcttattaagatttactccacca 
ccatccgtattgatcagtccatcttgaccggagagtcagtctccgtcatcaagcacacagaccccattcccgacccc 
cgcgccgtcaaccaggacaaaaagaacattctcttctccggtaccaatgtcgccgccggcaaggcccgtggtattgt 
catcggaactggtctcaacactgccattggtaaaatccgtactgaaatgtccgagactgaggagatcaagacacctc 
tgcagcaaaaactggacgaattcggtgagcagttgtctaaggtcatctcagttatttgcgttgccgtatgggccatc 
aacatcggacacttcaacgaccccgcccacggtggaagctggatcaagggtgccgtctactacttcaaaatcgctgt 
cgccctggccgtcgctgccatccccgaaggtctccccgctgtcatcaccacttgtctcgctctcggtaccaggcgta 
tggctaagaagaacgctatcgtgaggtcgctgccctctgtagagaccctcggttgcacttctgtcatctgctccgac 
aagaccggtactctgaccaccaaccagatgtctgtttcccgtatgttcatctttgagaagatcgaaggtggcgacag 
cagcttccttgaatttgaaattactggttccacctacgagcctattggtgatgtctacctgaagggacagaagatca 
aggctgctgaattcgatgctctgcacgaacttggtaccatttgcgttatgtgcaatgactccgctattgatttcaac 
gaattcaaacaggcgttcgaaaaggtcggtgaagccactgaaacggctcttatcgtactcgctgagaaaatgaaccc 
cttcaacgttcccaagactggacttgaccgtcgctcctgcgctatcgttgtccgccaagagattgaaaccaaatgga 
agaaagagttcactcttgagttctcccgtga'caggaaatccatgtccacctactgcacaccccttaagccttcccgt 
cttggcaatggacccaaactgttcgtcaagggtgcacctgaaggtgtgcttgaacgttgcacgcacgctcgtgtcgg 
aactgccaaagtacctttgaactcgaccctcaagaaccgcatcctggacctcacccgccaatacggtaccggtcgtg 
acacccttcgttgcttggccctcgctaccgctgacagcccactcaaacctgacgaaatggacctcggagactcgacc 
aagttctacacctatgaagtcaaccttacattcgtcggtgtcgtcggcatgttggaccctccccgtaaagaagtatt 
cgactctatcgtccgttgccgcgctgctggtatccgtgtaattgtcatcactggtgacaacaaggccaccgctgaag 
ctatctgcaggcgtattggcgtgttcactgaagaagaagacaccaccggcaaatcgttctctggtcgcgagttcgac 
gacctgcccgtgtcggaacagcgcgccgcttgcgctaaggctcgcctgttctcccgcgtggaacccgcccacaagtc 
caagattgttgagttcctgcaaagcatgaacgagatctctgctatgactggtgacggtgtaaatgacgcccccgctc 
tgaagaaggccgaaatcggtattgctatgggctctggtaccgctgtcgctaagtctgccgccgagatggtgttggct 
gatgacaacttctcatccattgtcgccgctgttgaggaaggtcgtgccatctacaacaacatgaagcagttcatccg 
ttacctgatctcctccaacattggtgaagtcgtgtccatcttcttgactgccgctctgggtctccccgaagctctga 
tccccgtccaactgttgtgggtcaacttggtcactgacggtctgcccgccaccgccctcggcttcaacccccctgat 
ctcgacatcatggacaagcccccccgtaaggctgatgagggtctcatctctggatggctgttcttcaggtacatggc 
tatcggtggttacgtcggtgccgctaccgtcggagccgcgtcgtggtggttcatgtactctcctttcggaccccaga 
tgtcttactggcagctcacccaccacttacagtgcctcagcggaggtgatgaattcaagggcatcgactgcaagatc 
ttcactgaccctcaccctatgacaatggccctgtccgtattagtaacaattgaaatgttgaacgccatgaacagttt 
gtctgagaaccagtcgctggtgaccatgccgccctggtccaacatgtggctcgtcggctccatggccctctccttca 
ctctccacttcgtcatcctctacgttgaggtcctgtcggccgtgttccaagtgacgccgctgtccatcgacgagtgg 
gtgacggtgatgaagttctcgatacccgtggtgttgctggacgaggtgctgaagttcgtcgcgcgcaagatctcgga 
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cgcccagccgacgtggaagctgtaagggccctattctatagtgtcacctaaatgctagagctcgctgatcagcctcg 
actgtgccttctagttgccagccatctgttgtttgcccctcccccgtgccttccttgaccctggaaggtgccactcc 
cactgtcctttcctaataaaatgaggaaattgcatcgcattgtctgagtaggtgtcattctattctggggggtgcgg 
tggggcaggacagcaagggggaggattgggaagacaatagcaggcatgctggggatgcggtgggctctatggcttct 
gaggcggaaagaaccagctggggctctagggggtatccccacgcgccctgtagcggcgcattaagcgcggcgggtgt 
ggtggttacgcgcaccgtgaccgctacacttgccagcgccctagcgcccgctcctttcgctttcttcccttcctttc 
tcgccacgttcgccggctttccccgtcaagctctaaatcggggcatccctttagggttccgatttagtgctttacgg 
cacctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggccatcgccctgatagacggtttttcgccc 
tttgacgttggagtccacgttctttaatagtggactcttgttccaaactggaacaacactcaaccctatctcggtct 
attcttttgatttataagggattttggggatttcggcctattggttaaaaaatgagctgatttaacaaaaatttaac 
gcgaattaattctgtggaatgtgtgtcagttagggtgtggaaagtccccaggctccccaggcaggcagaagtatgca 
aagcatgcatctcaattagtcagcaaccaggtgtggaaagtccccaggctccccagcaggcagaagtatgcaaagca 
tgcatctcaattagtcagcaaccatagtcccgcccctaactccgcccatcccgcccctaactccgcccagttccgcc 
cattctccgccccatggctgactaattttttttatttatgcagaggccgaggccgcctctgcctctgagctattcca 
gaagtagtgaggaggcttttttggaggcctaggcttttgcaaaaagctcccgggagcttgtatatccattttcggat 
ctgatcaagagacaggatgaggatcgtttcgcatgattgaacaagatggattgcacgcaggttctccggccgcttgg 
gtggagaggctattcggctatgactgggcacaacagacaatcggctgctctgatgccgccgtgttccggctgtcagc 
gcaggggcgcccggttctttttgtcaagaccgacctgtccggtgccctgaatgaactgcaggacgaggcagcgcggc 
tatcgtggctggccacgacgggcgttccttgcgcagctgtgctcgacgttgtcactgaagcgggaagggactggctg 
ctattgggcgaagtgccggggcaggatctcctgtcatctcaccttgctcctgccgagaaagtatccatcatggctga 
tgcaatgcggcggctgcatacgcttgatccggctacctgcccattcgaccaccaagcgaaacatcgcatcgagcgag 
cacgtactcggatggaagccggtcttgtcgatcaggatgatctggacgaagagcatcaggggctcgcgccagccgaa 

• ctgttcgccaggctcaaggcgcgcatgcccgacggcgaggatctcgtcgtgacccatggcgatgcctgcttgccgaa 
tatcatggtggaaaatggccgcttttctggattcatcgactgtggccggctgggtgtggcggaccgctatcaggaca 
tagcgttggctacccgtgatattgctgaaa^gcttggcggcgaatgggctgaccgcttcctcgtgctttacggtarc 
gccgctcccgattcacagcgcatcgccttctatcgccttcttgacgagttcttctgagcgggactctggggttcgaa 
atgaccgaccaagcgacgcccaacctgccatcacgagatttcgattccaccgccgccttctatgaaaggttgggctt 

oggaatcgttttccgggacgccggctggatgatcctccagcgcggggatctcatgctggagttcttcgcccacccca 
acttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttca 
ctgcattctagttgtggtttgtccaaactcatcaatgtatcttatcatgtctgtataccgtcgacctctagctagag 
cttggcgtaatcatggtcatagctgtttcctgtgtgaaattgttatccgctcacaattccacacaacatacgagccg 
gaagcataaagtgtaaagcctggggtgcctaatgagtgagctaactcacattaattgcgttgcgctcactgcccgct 
ttccagtcgggaaacctgtcgtgccagctgcattaatgaatcggccaacgcgcggggagaggcggtttgcgtattgg 
gcgctcttccgcttcctcgctcactgactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaa 
aggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggcc 
aggaaccgtaaaaaggccgcgttgctggcgtttttccataggctccgcccccctgacgagcatcacaaaaatcgacg 
ctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcgtttccccctggaagctccctcgtgcgct 
ctcctgttccgaccctgccgcttaccggatacctgtccgcctttctcccttcgggaagcgtggcgctttctcaatgc 
tcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaagctgggctgtgtgcacgaaccccccgttcagcc 
cgaccgctgcgccttatccggtaactatcgtcttgagtccaacccggtaagacacgacttatcgccactggcagcag 
ccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggc 
tacactagaaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaagagttggtagctcttg 
atccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggat 
ctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtc 
atgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatata 
tgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcat 
ccatagttgcctgactccccgtcgtgtagataactacgatacgggagggcttaccatctggccccagtgctgcaa.g 
ataccgcgagacccacgctcaccggctccagatttatcagcaataaaccagccagccggaagggccgagcgcagaag 
tggtcctgcaactttatccgcctccatccagtctattaattgttgccgggaagctagagtaagtagttcgccagtta 
atagtttgcgcaacgttgttgccattgctacaggcatcgtggtgtcacgctcgtcgtttggtatggcttcattcagc 
tccggttcccaacgatcaaggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctccttcggtcctcc 
gatcgttgtcagaagtaagttggccgcagtgttatcactcatggttatggcagcactgcataattctcttactgtca 
tgccatccgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgag 
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Figure 5: Heliothis SERCA cDNA cloned into pDW2600 {sca-1 promoter) 

cgcgccatggaggacgctcactcgaaatccgtggatgaagtcttagggtacttcggtacagacccagacaaaggcct 

tagtgcagaccaagtaaaaaggaaccaagataaatatgggccaaatgaactgcctgcggaggagggcaaaagtatat 

ggcagttagtcctggaacaattcgatgacctcttagtaaagattttgctgttagccgctattatttcattcgtttta 

gctttatttgaagaacacgaagacgcattctccgccttcgtagagccttttgttattttacttattcttattgctaa 

cgctgtagtaggagtatggcaggaaagaaatgccgaatccgccatcgaagctttaaaagaatacgaacccgaaatgg 

gtaaagtaatcagaggagacaaatccggtgtacagaaaatccgagccaaagaaatcgtacccggtgatgtcgtggag 

gtgtcagtcggtgacaaaatccccgctgacatccgtcttattaagatttactccaccaccatccgtattgatcagtc 

catcttgaccggagagtcagtctccgtcatcaagcacacagaccccattcccgacccccgcgccgtcaa<:caggaca 

aaaagaacattctcttctccggtaccaatgtcgccgccggcaaggcccgtggtattgtcatcggaactggtctcaac 

actgccattggtaaaatccgtactgaaatgtccgagactgaggagatcaagacacctctgcagcaaaaactggacga 

attcggtgagcagttgtctaaggtcatctcagttatttgcgttgccgtatgggccatcaacatcggacacttcaacg' 

accccgcccacggtggaagctggatcaagggtgccgtctactacttcaaaatcgctgtcgccctggccgtcgctgcc 

atccccgaaggtctccccgctgtcatcaccacttgtctcgctctcggtaccaggcgtatggctaagaagaacgctat 

cgtgaggtcgctgccctctgtagagaccctcggttgcacttctgtcatctgctccgacaagaccggtactctgacca 

ccaaccagatgtctgtttcccgtatgttcatctttgagaagatcgaaggtggcgacagcagcttccttgaatttgaa 

attactggttccacctacgagcctattggtgatgtctacctgaagggacagaagatcaaggctgctgaattcgatgc 

tctgcacgaacttggtaccatttgcgttatgtgcaatgactccgctattgatttcaacgaattcaaacaggcgttcg 

aaaaggtcggtgaagccactgaaacggctcttatcgtactcgctgagaaaatgaaccccttcaacgttcccaagact 

ggacttgaccctcgctcctgcgctatcgttgtccgccaagagattgaaaccaaatggaagaaagagttcactcttga 

gttctcccgtgacaggaaatccatgtccacctactgcacaccccttaagccttcccgtcttggcaatggacccaaac 

tgttcgtcaagggtgcacctgaaggtgtgcttgaacgttgcacgcacgctcgtgtcggaactgccaaagtacctttg 

aactcgaccctcaagaaccgcatcctggacctcacccgccaatacggtaccggtcgtgacacccttcgttgcttggc 

cctcgctaccgctgacagcccactcaaacctgacgaaatggacctcggagactcgaccaagttctacacctatgaag 

tcaaccttacattcgtcggtgtcgtcggcatgttggaccctccccgtaaagaagtattcgactctatcgtccgttgc 

cgcgctgctggtatccgtgtaattgtcatcactggtgacaacaaggccaccgctgaagctatctgcaggcgtattgg 

cgtgttcactgaagaagaagacaccaccggcaaatcgttcbctggtcgcgagttcgacgacctgcccgtgtcggaac 

agcgcgccgcttgcgctaaggctcgcctgttctcccgcgtggaacccgcccacaagtccaagattgttgagttcctg 

caaagcatgaacgagatctctgctatgactggtgacggtgtaaatgacgcccccgctctgaagaaggccgaaatcgg 

tattgctatgggctctggtaccgctgtcgctaagtctgccgccgagatggtgttggctgatgacaacttctcatcca 

ttgtcgccgctgttgaggaaggtcgtgccatctacaacaacatgaagcagttcatccgttacctgatctcctccaac 

attggtgaagtcgtgtccatcttcttgactgccgctctgggtctccccgaagctctgatccccgtccaactgttgtg 

ggtcaacttggtcactgacggtctgcccgccaccgccctcggcttcaacccccctgatctcgacatcatggacaagc 

ccccccgtaaggctgatgagggtctcatctctggatggctgttcttcaggtacatggctatcggtggttacgtcggt 

gccgctaccgtcggagccgcgtcgtggtggttcatgtactctcctttcggaccccagatgtcttactggcagctcac 

ccaccacttacagtgcctcagcggaggtgatgaattcaagggcatcgactgcaagatcttcactgaccctcacccta 

tgacaatggccctgtccgtattagtaacaattgaaatgttgaacgccatgaacagtttgtctgagaaccagtcgctg 

gtgaccatgccgccctggtccaacatgtggctcgtcggctccatggccctctccttcactctccacttcgtcatcct 

ctacgttgaggtcctgtcggccgtgttccaagtgacgccgctgtccatcgacgagtgggtgacggtgatgaagttct 

cgatacccgtggtgttgctggacgaggtgctgaagttcgtcgcgcgcaagatctcggacgcccagccgacgtggaag 

ctgtaaggccggccgagctccgcatcggccgctgtcatcagatcgccatctcgcgcccgtgcctctgacttctaagt 

ccaattactcttcaacatccctacatgctctttctccctgtgctcccaccccctatttttgttattatcaaaaaaac 

ttcttcttaatttctttgttttttagcttcttttaagtcacctctaacaatgaaattgtgtagattcaaaaatagaa 

ttaattcgtaataaaaagtcgaaaaaaattgtgctccctccccccattaataataattctatcccaaaatctacaca 

atgttctgtgtacacttcttatgttttttttacttctgataaattttttttgaaacatcatagaaaaaaccgcacac 

aaaataccttatcatatgttacgtttcagtttatgaccgcaatttttatttcttcgcacgtctgggcctctcatgac 

gtcaaatcatgctcatcgtgaaaaagttttggagtatttttggaatttttcaatcaagtgaaagtttatgaaattaa 

ttttcctgcttttgctttttgggggtttcccctattgtttgtcaagagtttcgaggacggcgtttttcttgctaaaa 

tcacaagtattgatgagcacgatgcaagaaagatcggaagaaggtttgggtttgaggctcagtggaaggtgagtaga 

agttgataatttgaaagtggagtagtgtctatggggtttttgccttaaatgacagaatacattcccaatataccaaa 

cataactgtttcctactagtcggccgtacgggccctttcgtctcgcgcgtttcggtgatgacggtgaaaacctctga 

cacatgcagctcccggagacggtcacagcttgtctgtaagcggatgccgggagcagacaagcccgtcaggg-cgcgtc 

agcgggtgttggcgggtgtcggggctggcttaactatgcggcatcagagcagattgtactgagagtgcaccatatgc 

ggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcggccttaagggcctcgtgatacgcctatt 

tttataggttaatgtcatgataataatggtttcttagacgtcaggtggcacttttcggggaaatgtgcgcggaaccc 

ctatttgtttatttttctaaatacattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataa 

tattgaaaaaggaagagtatgagtattcaacatttccgtgtcgcccttattcccttttttgcggcattttgccttcc 
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tgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcg 
aactggatctcaacagcggtaagatccttgagagttttcgccccgaagaacgttttccaatgatgagcacttttaaa 
gttctgctatgtggcgcggtattatcccgtattgacgccgggcaagagcaactcggtcgccgcatacactattctca 
gaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtg 
ctgccataaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgct 
tttttgcacaacatgggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaacga 
cgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactacttactctag 
cttcccggcaacaattaatagactggatggaggcggataaagttgcaggaccacttctgcgctcggcccttccggct 
ggctggtttattgctgataaatctggagccggtgagcgtgggtctcgcggtatcattgcagcactggggccagatgg 
taagccctcccgtatcgtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagatcgctg 
agataggtgcctcactgattaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaa 
cttcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagtt 
ttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcctttttttctgcgcgtaatct 
gctgcttgcaaacaaaaaaaccaccgctaccagcggtggtttgtttgccggatcaagagctaccaactctttttccg 
aaggtaactggcttcagcagagcgcagataccaaatactgtccttctagtgtagccgtagttaggccaccacttcaa 
gaactctgtagcaccgcctacatacctcgctctgctaatcctgttaccagtggctgctgccagtggcgataagtcgt 
gtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcaca 
cagcccagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagcattgagaaagcgccacgcttcc 
cgaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccagcgg 
gaaacgcctggtatctttatagtcctgtcgggtttcgccacctctgacttgagcgtcgatttttgtgatgctcgtca 
ggggggcggagcctatggaaaaacgccagcaacgcggcctttttacggttcctggccttttgctggccttttgctca 
catgttctttcctgcgttatcccctgattctgtggataaccgtattaccgcctttgagtgagctgataccgctcccc 
gcagccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcctctcccc 
gcgcgttggccrgattcattaatgcagctggcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaat 
taatgtgagttagctcactcattaggcaccccaggctttacactttatgcttccggctcgtatgttgtgtggaattg 
tgagcggataacaatttcacacaggaaacagctatgaccatgattacgccaagcttgcatgcctgcaggtcgacttg 
gttggcagctctctggcttatcttttgagaggaaaaagatccaacaaatttttatctcccttatccctttttctctt 
catcactaccaataataatagttttttttttcgtcgcggaagcaaaatggcgaacaagtgttggaataagagtactc 
cagggatttaagggctgaaagccagtgatttatgagctccaatttttcagatgttttttcctccatcgcgtatttgt 
ctaaacattcgattttcttcctgcttcccaacttttcaaatcgaaataaaagagcatctgtcgctttttatcgatgt 
gcttctgtgagactaaagaactactcgttttcactcgttctctctctctcaactatcaaagttttgttgattgcgtg 
tgtcagcttccttctttttattatcatcttttcattggaggaaaaaaataacttctgaagagcaaaagaactaactt 
cggggaatacagagaaaattcctgtaaaaatctggaaattttttcgcttaactcgaaatatttagtttttcactgtg 
atttctgggaaaaatcaagaaatatttgcctaaaacacgagttttcacatgaaaaatgaattatttattgatttttt 
atggagattacaaaaaagacacacgtgaaactactgctaccgtagttgtgtaaacgtagtgttctctattttagacc 
tgtttaatgtatttttttgcagttgaaaatttttaaaaatattttagttatttttaaaaatatttaatttacaaaat 
aattagcctgaacccatgaaaagatacgttatatttaatttttaccgtaagactttcaagatcgttgcgagacccgg 
cgcctaggtcaaagagcctccctttaaacccatcaacacgttttgcctttttcatcgattttttgcagttcttttct 
tctttccaactgatttttcttcatttttaaagtttttttcctcatttttcccatttgaaattatttaaacacgtgca 
accagctggtaacatgtgtcacatgccgttatctaacttcaaaacagtacatttccgatcacacgtcccccgcgccg 
agttttatagtttcattaataacttttcggtttttgataatactaattgagttttattaattgtttccatattcatc 
tagcactttgacctgtccttcttcgaattctcaaatatttgcactctgggtttaggtgtgaaaagaattgtcgtcat 
taagcggggcatccggggcaccgaaaaaagccctccgattttaacgaatttgagataaagttggagagagagcccag 
tgtttgcttgcccaagatatatatcttggatttatcaattactgtttgtcaacctgtcgccggcgccccctttttgc 
tcttgctcccacgccccgagattgaatttcaattttatttcgaagtaagtctcttgattgtttcgaaaatccgatga 
cagttttcattacttttttgtctgttgattttgtagggaaacattgaaatttttctgatctttctttgatcttatga 
tttttcatttattccaattaaaaaaaattagcgcattcagaaccagagtgaagcttgagatgttgtaggtttatcaa 
aagatcaaaatctcgaattccttcgaaatgtttttagttttcgacttccgtgtgatttctagcgatcctgacagaga 
tcactgaattttaatgttatcgagattgttgtgtaggctccatctcctctctgaagcttctgattttgccgaaagtc 
tagttacttgccgactgctgacactaggatatcccactaccgtacccattgttggatccgtactctgctgcgacttc 
ttctctgtttcacgtgaacctccgggatcgtcggtaagccccgcccgttatctgtgccaacttgtcttcgtgccctc 
gagcgacgagctcattcaatcacgccacgacctccgtctggacagatgctctcattgtctctgcgtctccaagtatt 
cgtcacactatctcatgcattctattcaaaacgcgagagaaagcgcgggaacgagagagagttcagacagatcgaac 
ttgtttttatccccccccccctcgtccggctgcagagcaaaaaaatactgcttttccttgcaaaattcggtgctttc 
ttcaaagagaaacttttgaagtcggcgcgagcatttccttctttgacttctctctttccgccaaaaagcctagcatt 
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tttattgataatttgattacacacactcagagttcttcgacatgataaagtgtttcattggcactcgccctaacagt 
acatgacaagggcggattattatcgatcgatattgaagacaaactccaaatgtgtgctcattttggagccccgtgtg 
gggcagctgctctcaatatattactagggagacgaggagggggaccttatcgaacgtcgcatgagccattctttctt 
ctttatgcactctcttcactctctcacacattaatcgattcatagactcccatattccttgatgaaggtgtgggttt 
ttagcttLttttcccgatttgtaaaaggaagaggctgacgatgttaggaaaaagagaacggagccgaaaaaacatcc 
gtagtaagtcttccttttaagccgacactttttagacagcattcgccgctagttttgaagtttaaattttaaaaaat 
aaaaattagtttcaattttttttaattactaaataggcaaaagttttttcaagaactctagaaaaactagcttaatt 
catgggtactagaaaaattcttgttttaaatttaatatttatcttaagatgtaattacgagaagcttttttgaaaat 
tctcaattaaaagaatttgccgatttagaataaaagtcttcagaaatgagtaaaagctcaaattagaagtttgtttt 
taaaggaaaaacacgaaaaaagaacactatttatcttttcctccccgcgtaaaattagttgttgtgataatagtgat 
ccgctgtctatttgcactcggctcttcacaccgtgcttcctctcacttgacccaacaggaaaaaaaaacatcacgtc 
tgagacggtgaattgccttatcaagagcgtcgtctctttcacccagtaacaaaaaaaatttggtttctttactttat 
atttatgtaggtcacaaaaaaaaagtgatgcagttttgtgggtcggttgtctccacaccacctccgcctccagcagc 
acacaatcatcttcgtgtgttctcgacgattccttgtatgccgcggtcgtgaatgcaccacattcgacgcgcaacta 
cacaccacactcactttcggtggtattactacacgtcatcgttgttcgtagtctcccgctctttcgtccccactcac 
tcctcattattccccttggtgtattgattttttttaaatggtacaccactcctgacgtttctaccttcttgttttcc 
gtccatttagattttatctggaaatttttttaaaattttaggccagagagttctagttcttgttctaaaagtctagg 
. tcagacatacattttctattUctcatcaaaaaaaaagttgataaagaaaactggttattcagaaagagtgtgtctcg 
ttgaaattgattcaaaaaaaaattcccacccctcgcttgtttctcaaaatatgagatcaacggattttttccttctc 
gattcaattttttgctgcgctctgtctgccaaagtgtgtgtgtccgagcaaaagatgagagaatttacaaacagaaa 
tgaaaaaaagttggccaaataatgaagttttatccgagattgatgggaaagatattaatgttctttacggtttggag 
gggagagagagatagattttcgcatcaaactccgccttttacatgtcttttagaatctaaaatagatttttctcatc 
atttttaatagaaaatcgagaaattacagtaatttcgcaattttcttgccaaaaatacacgaaatttgtgggtctcg 
ccacgatctcggtcttagtggttcatttggtttaaaagtttataaaatttcaaattctagtgtttaatttccgcata 
attggacctaaaatgggtttttgtcatcattttcaacaagaaatcgtgaaaatcctgttgtttcgcaattttctttt 
caaaaatacacgaaatatatggtaatttcccgaaatattga'gggtctcgccacgatttcagtcacagtggccaggat 
ttatcacgaaaaaagttcgcctagtctcacatttccggaaaaccgaatctaaattagttttttgtcatcattttgaa 
caaaaaatcgagacatccctatagtttcgcaattttcgtcgcttttctctccaaaaatgacagtctagaattaaaat 
tcgctggaactgggaccatgatatcttttctccccgtttttcattttattttttattacactggattgactaaaggt 
caccaccaccgccagtgtgtgccatatcacacacacacacacacacaatgtcgagattttatgtgtfcatccctgctt 
gatttcgttccgttgtctctctctctctattcatcttttgagccgagaagctccagagaatggagcacacaggatcc 
cggcgcgcgatgtcgtcgggagatggcgccgcctgggaagccgccgagagatatcagggaagatcgtctgatttctc 
ctcggatgccacctcatctctcgagtttctccgcctgttactccctgccgaacctgatatttcccgttgtcgtaaag 
agatgtttttattttactttacaccgggtcctctctctctgccagcacagctcagtgttggctgtgtgctcgggctc 
ctgccaccggcggcctcatcttcttcttcttcttctc'tcctgctctcgcttatcacttcttcattcattcttattcc 
ttttcatcatcaaactagcafcttcttactttatttatttttttcaattttcaattttcagataaaaccaaactactt 
gggttacagccgtcaacagatccccgggattggccaaaggacccaaaggtatgtttcgaatgatactaacataacat 
agaacattttcaggaggacccttggctagcgtcgacggtaccatgggg 
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Figure 6: Arabidopsis SERCA cDNAcloned into pDW2600 (sca-1 promoter) 

cctgcaggtcgacttggttggcagctctctggcttatcttttgagaggaaaaagatcca&caaatttttatctccct 
tatccctttttctcttcatcactaccaataataatagttttttttttcgtcgcggaagcaaaatggcgaacaagtgt 
tggaataagagtactccagggatttaagggctgaaagccagtgatttatgagctccaatttttcagatgtttttccc 
tccatcgcgtatttgtctaaacattcgattttcttcctgcttcccaacttttcaaatcgaaataaaagagcatctgt 
cgctttttatcgatgtgcttctgtgagactaaagaactactcgttttcactcgttctctctctctcaactatcaaag 
ttttgttgattgcgtgtgtcagcttccttctttttattatcatcttttcattggaggaaaaaaataacttctgaaga 
gcaaaagaactaacttcggggaatacagagaaaattcctgtaaaaatctggaaattttttcgcttaactcgaaatat 
ttagtttttcactgtgatttctgggaaaaatcaagaaatatttgcctaaaacacgagttttcacatgaaaaatgaat 
tatttattgafctttttatggagattacaaaaaagacacacgtgaaactactgctaccgtagttgtgtaaacgtagtg 
ttctctattttagacctgtttaatgtatttttttgcagttgaaaatttttaaaaatattttagttatttttaaaaat 
atttaatttacaaaataattagcctgaacccatgaaaagatacgttatatttaatttttaccgtaagactttcaaga 
tcgttgcgagacccggcgcctaggtcaaagagcctccctttaaacccatcaacacgttttgcctttttcatcgattt 
tttgcagttcttttcttctttccaactgatttttcttcatttttaaagtttttttcctcatttttcccatttgaaat 
tatttaaacacgtgcaaccagctggtaacatgtgtcacatgccgttatctaacttcaaaacagtacatttccgatca 
cacgtcccccgcgccgagttttatagtttcattaataacttttcggtttttgataatactaattgagttttattaat 
tgfcttccatattcatctagcactttgacctgtccttcttcgaattctcaaatatttgcactctgggtttaggtgtga 
aaagaattgtcgtcattaagcggggcatccggggcaccgaaaaaagccctccgattttaacgaatttgagataaagt 
tggagagagagcccagtgtttgcttgcccaagatatatatcttggatttatcaattactgtttgtcaacctgtcgcc 
ggcgcccccttttfcgctcttgctcccacgccccgagattgaatttcaattttatttcgaagtaagtctcttgattgt 
ttcgaaaatccgatgacagttttcattacttttttgtctgttgattttgtagggaaacattgaaatttttctgatct 
ttctttgatcttatgatttttcatttattccaattaaaaaaaattagcgcattcagaaccagagtgaagcttgagat 
gttgtaggtttatcaaaagatcaaaatctcgaattccttcgaaatgtttttagttttcgacttccgtgtgatttcta 
gcgatcctgacagagatcactgaattttaatgttatcgagattgttgtgtaggctccatctcctctctgaagcttct 
gattttgccgaaagtctagttacttgccgactgctgacactaggatatcccactaccgtacccattgttggatccgt 
actctgctgcgacttcttctctgtttcacgtgaacctccgggatcgtcggtaagccccgcccgttatctgtgccaac 
ttgtcttcgtgccctcgagcgacgagctcattcaatcacgccacgacctccgtctggacagatgctctcattgtctc 
tgcgtctccaagtattcgtcacactatctcatgcattctattcaaaacgcgagagaaagcgcgggaacgagagagag 
ttcagacagatcgaacttgtttttatccccccccccctcgtccggctgcagagcaaaaaaatactgcttttccttgc 
aaaattcggtgctttcttcaaagagaaacttttgaagtcggcgcgagcatttccttctttgacttctctctttccgc 
caaaaagcctagcatttttattgataatttgattacacacactcagagttcttcgacatgataaagtgtttcattgg 
cactcgccctaacagtacatgacaagggcggattattatcgatcgatattgaagacaaactccaaatgtgtgctcat 
tttggagccccgtgtggggcagctgctctcaatatattactagggagacgaggagggggaccttatcgaacgtcgca 
tgagccattctttcttctttatgcactctcttcactctctcacacattaatcgattcatagactcccatattccttg 
atgaaggtgtgggtttttagctttttttcccgatttgtaaaaggaagaggctgacgatgttaggaaaaagagaacgg 
agccgaaaaaacatccgtagtaagtcttccttttaagccgacactttttagacagcattcgccgctagttttgaagt 
ttaaattttaaaaaataaaaattagtttcaattttttttaattactaaataggcaaaagttttttcaagaactctag 
aaaaactagcttaattcatgggtactagaaaaattcttgttttaaatttaatatttatcttaagatgtaattacgag 
aagcttttttgaaaattctcaattaaaagaatttgccgatttagaataaaagtcttcagaaatgagtaaaagctcaa 
attagaagtttgtttttaaaggaaaaacacgaaaaaagaacactatttatcttttcctccccgcgtaaaattagttg 
ttgtgataatagtgatccgctgtctatttgcactcggctcttcacaccgtgcttcctctcacttgacccaacaggaa 
aaaaaaacatcacgtctgagacggtgaattgccttatcaagagcgtcgtctctttcacccagtaacaaaaaaaattt 
ggtttctttactttatatttatgtaggtcacaaaaaaaaagtgatgcagttttgtgggtcggttgtctccacaccac 
ctccgcctccagcagcacacaatcatcttcgtgtgttctcgacgattccttgtatgccgcggtcgtgaatgcaccac 
attcgacgcgcaactacacaccacactcactttcggtggtattactacacgtcatcgttgttcgtagtctcccgctc 
tttcgtccccactcactcctcattattccccttggtgtattgattttttttaaatggtacaccactcctgacgtttc 
taccttcttgttttccgtccatttagattttatctggaaatttttttaaaattttaggccagagagttctagttctt 
gttctaaaagtctaggtcagacatacattttctatttctcatcaaaaaaaaagttgataaagaaaactggttattca 
gaaagagtgtgtctcgttgaaattgattcaaaaaaaaattcccacccctcgcttgtttctcaaaatatgagatcaac 
ggattttttccttctcgattcaattttttgctgcgctctgtctgccaaagtgtgtgtgtccgagcaaaagatgagag 
aatttacaaacagaaatgaaaaaaagttggccaaataatgaagttttatccgagattgatgggaaagatattaatgt 
tctttacggtttggaggggagagagagatagattttcgcatcaaactccgccttttacatgtcttttagaatctaaa 
atagatttttctcatcatttttaatagaaaatcgagaaattacagtaatttcgcaattttcttgccaaaaatacacg 
aaatttgtgggtctcgccacgatctcggt-cttagtggttcatttggtttaaaagtttataaaatttcaaattctagt 
gtttaatttccgcataattggacctaaaatgggtttttgtcatcattttcaacaagaaatcgtgaaaatcctgttgt 
ttcgcaattttcttttcaaaaatacacgaaatatatggtaatttcccgaaatattgagggt-ctcgccacgatttcag 
tcacaqtQaccaooatttafcacgaaaaaaqttcgcctagtctcacattt-ccggaaaaccgaatctaaatcagtttt 
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ttgtcatcattttgaacaaaaaatcgagacatccctatagtttcgcaattttcgtcgcttttctctccaaaaatgac 
agtctagaattaaaattcgctggaactgggaccatgatatcttttctccccgtttttcattttattttttattacac 
tggattgactaaaggtcaccaccaccgccagtgtgtgccatatcacacacacacacacacacaatgtcgagatttta 
tgtgttatccctgcttgatttcgttccgttgtctctctctctctattcatcttttgagccgagaagctccagagaat 
ggagcacacaggatcccggcgcgcgatgtcgtcgggagatggcgccgcctgggaagccgccgagagatatcagggaa 
gatcgtctgatttctcctcggatgccacctcatctctcgagtttctccgcctgttactccctgccgaacctgatatt 
tcccgttgtcgtaaagagatgtttttattttactttacaccgggtcctctctctctgccagcacagctcagtgttgg 
ctgtgtgctcgggctcctgccaccggcggcctcatcttcttcttcttcttctctcctgctctcgcttatcacttctt 
cattcattcttattccttttcatcatcaaactagcatttcttactttatttatttttttcaattttcaattttcaga 
taaaaccaaactacttgggttacagccgtcaacagatccccgggattggccaaaggacccaaaggtatgtttcgaat 
gatactaacataacatagaacattttcaggaggacccttggctagcgtcgacggtaccatggggcgcgccatggaag 
acgcctacgccagatctgtctcagaggtgcttgatttctttggggtagacccaacaaagggtctttctgattctcag 
gttgttcatcattccaggctttatggcaggaatgtactgcctgaagagaaaagaaegccattctggaaactggttct 
' gaacagtttcgatgatttacttgtcaagatattgattgtggctgcaattgttt^tttcgtattggctttggctaatg 
gagagactggtttaacagcatttctggagccttttgtcattctgctgatattggctgcaaatgcggcagtgggggtg 
atcacggagactaatgctgagaaggctcttgaggagctacgtgcctaccaagcaaatatagctacagtgttgcgaaa 
tgggtgcttctctatcctaccagcaacagagctggttccaggcgacattgttgaagttactgtgggatgtaagattc 
cagctgacctgaggatgattgagatgtctagcaatacgtttcgagttgatcaagccattctaactggtgaaagctgt 
tccgtggaaaaagatgttgactgtactttaacaacaaatgctgtctaccaagacaagaaaaatattttattttcggg 
aactgatgtggtcgcgggtaggggaagggctgttgtcattggagttggttcaaacaccgcaatgggtagcatacacg 
attctatgttgcagacagatgatgaggcaactccattgaaaaagaagctggacgagtttggcagctttttggctaag 
gtaattgcgggtatttgtgtacttgtgtgggttgtcaacattggtcacttcagtgacccttctcatggtggattttt 
taaaggcgcaattcactattttaagattgcagttgcccttgctgttgcagctattcctgaaggacttcctgctgtcg 
tgacaacgtgtttagctcttggaacaaagaaaatggctcgtttgaatgctattgtacggtcattaccatctgtcgag 
acgcttgggtgcactactgtaatttgcagtgacaagactggaacattgacaaccaatatgatgtcggtgtctaagat 
atgtgtagtccaatctgcagagcatggtcctatgattaatgaattcctgttagtggagacaacttatgcaccagaag 
gtaccgtctttgacagcaatgggatgcagcttgacttacctgctcagtcaccttgccttcatcatttagcaatgtgt 
tcatcactctgcaatgactccatcttgcaatacaatccagataaggattcttatgaaaaaattggagagtcaactga 
agttgctcttcgagttcttgcagaaaaggttgggctccctggttttgattcaatgccttctgctctaaacatgttga 
gcaagcatgaacgtgcatcatattgcaaccattattgggaaaaccaattcaaaaaggtttatgttttggagtttact 
cgtgaccgaaaaatgatgagcgtcctatgtagccataagcaaatggatgttatgttctcaaagggtgctccagagag 
tataatagctaggtgtaataaaattctctgcaacggtgatggttctgttgttcctctaactgctgctggccgtgcag 
agcttgagtcgaggttttacagttttggcgatgaaacattgagatgcttagcattagcatttaagaccgtgccccac 
ggtcaacaaactatttcctatgataatgagaacgacctgacgtttattgggttggtgggaatgcttgatccaccaag 
agaagaagtgagagatgctatgcttgcgtgtatgactgctgggatacgtgttatagttgttactggggataacaagt 
ccacagcagagtcactatgtagaaaaataggggcttttgacaatctggtagacttttctggtatgtcctacaccgct 
tctgaatttgaacggcttccagcagtgcagcaaactctagcattgcgacggatgacacttttttccagggttgaacc 
ttcccacaaaaggatgcttgttgaagccctacagaaacaaaacgaagtggtggcaatgactggtgatggcgttaatg 
atgcccctgcattgaagaaagctgacattgggattgccatgggttctggaacagctgtagcaaagagtgcttcagat 
atggttttggctgatgataattttgcttcaatagttgcggctgttgcagaaggaagggctatatataataacacaag 
gcaattcattagatacatgatttcttcaaatataggggaagtggtctgtatatttgttgcagctgtactgggaatcc 
ctgataccttggcacctgttcaacttctgtgggtcaatttggtaacagatggattgcctgccactgccattggcttt 
aataaacaagatcccgatgttatgaaggcaaaaccccgaaaggttggtgaagcagtggtcactgggtggttattctt 
ccgctatttggttatcggagtttatgtcggcctggccactgttgctggctttatatggtggtttgtttactctgatg 
gtggtcctaaacttacttacagtgaactgatgaactttgaaacttgcgcacttagagagacaacttatccctgcagc 
atatttgaggatcggcacccatctactgtggctatgacagtacttgttgttgtcgagatgtttaatgctctaaataa 
cctcagcgaaaatcaatcccttctggttataaccccaaggagtaacttatggcttgttggttcaattatcctgacga 
tgcttctgcacgtgctaatattatatgttcatccactggcagtcttatgtgctgtcacgccattatcctgggccgag 
tggactgctgttctgtatctttcgtttccagttatcatcatcgatgagcttctgaagttcctctctagaaatacagg 
catgagattcaggttcagattgaggaaggctgatttactccccaaggaccggcgtgacaagtagggccggccgagct 
ccgcatcggccgctgtcatcagatcgccatctcgcgcccgtgcctctgacttctaagtccaattactcttcaacatc 
cctacatgctctttctccctgtgctcccaccccctatttttgttattatcaaaaaaacttcttcttaatttctttgt 
tttttagcttcttttaagtcacctctaacaatgaaattgtgtagattcaaaaatagaattaattcgtaataaaaagt 
cgaaaaaaattgtgctccctccccccattaataataattctatcccaaaatctacacaatgttctgtgtacacttct 
tatgttttttttacttctgataaattttttttgaaacatcatagaaaaaaccgcacacaaaataccttatcatatgt 
tacgtttcagtttatgaccgcaatttttatttcttcgcacgtctgggcctctcatgacgtcaaatcatgctcatcgt 
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Fig 6 contd 

gaaaaagttttggagtatttttggaatttttcaatcaagtgaaagtttatgaaattaattttcctgcttttgctttc 
tgggggtttcccctattgtttgtcaagagtttcgaggacggcgtttttcttgctaaaatcacaagtattgatgagca 
cgatgcaagaaagatcggaagaaggtttgggtttgaggctcagtggaaggtgagtagaagttgataatttgaaagtg 
gagtagtgtctatggggtttttgccttaaatgacagaatacattcccaatataccaaacataactgtttcctactag 
tcggccgtacgggccctttcgtctcgcgcgtttcggtgatgacggtgaaaacctctgacacatgcagctcccggaga 
cggtcacagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggtgt 
cggggctggcttaactatgcggcatcagagcagattgtactgagagtgcaccatatgcggtgtgaaataccgcacag 
atgcgtaaggagaaaataccgcatcaggcggccttaagggcctcgtgatacgcctatttttataggttaatgtcatg 
ataataatggtttcttagacgtcaggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttcta 
aatacattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagta 
fcgagtattcaacatttccgtgtcgcccttattcccttttttgcggcattttgccttcctgtttttgctcacccagaa 
acgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcgg 
taagatccttgagagttttcgccccgaagaacgttttccaatgatgagcacttttaaagttctgctatgtggcgcgg 
tattatcccgtattgacgccgggcaagagcaactcggtcgccgcatacactattctcagaatgacttggttgagtac 
tcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccataaccatgagtga 
taacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaacatggggg 
atcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatg 
cctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttcccggcaacaattaat 
agactggatggaggcggataaagttgcaggaccacttctgcgctcggcccttccggctggctggtttattgctgata 
aatctggagccggtgagcgtgggtctcgcggtatcattgcagcactggggccagatggtaagccGtcccgtatcgta 
gttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactgat 
taagcattggtaactgfccagaccaagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaa 
ggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttcgttccactgagcgtca 
gaccccgtagaaaagatcaaaggatcttcttgagatcctttttttctgcgcgtaatctgctgcttgcaaacaaaaaa 
accaccgctaccagcggtggtttgtttgccggatcaagagctaccaactctttttccgaaggtaactggcttcagca 
gagcgcagataccaaatactgtccttctagtgtagccgtagttaggccaccacttcaagaactctgtagcaccgcct 
acatacctcgctctgctaatcctgttaccagtggctgctgccagtggcgataagtcgtgtcttaccgggttggactc 
aagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacacagcccagcttggagcgaa 
cgacctacaccgaactgagatacctacagcgtgagcattgagaaagcgccacgcttcccgaagggagaaaggcggac 
aggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccagggggaaacgcctggtatcttta 
tagtcctgtcgggtttcgccacctctgacttgagcgtcgatttttgtgatgctcgtcaggggggcggagcctatgga 
aaaacgccagcaacgcggcctttttacggttcctggccttttgctggccttttgctcacatgttctttcctgcgtta 
tcccctgattctgtggataaccgtattaccgcctttgagtgagctgataccgctcgccgcagccgaacgaccgagcg 
cagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcctctccccgcgcgttggccgattcatt 
aatgcagctggcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagttagctcact 
cattaggcaccccaggctttacactttatgcttccggctcgtatgttgtgtggaattgtgagcggataacaatttca 
cacaggaaacagctatgaccatgattacgccaagcttgcatg 



SUBSTITUTE SHEET (RULE 26) 



WO 02/33405 



24/49 



PCTYIB01/02391 



Figure 7: pDW2700 (general cloning vector containing xayo-2 promo , 

gatccccagcttgcatgcctgcaggtcgaggcatttgaattgggggtggtggacagtaactgtctgtaataataatt 
actcctgaccaggttgcaattcgagttttgataagcataattataccttgtacattgtgggttttgtgctgtggacg 
ttttattgtggacatccccataagctacaagaaaccaaaaatgaaattaaaagtattgaaaaacgtcgtaacatttt 
atatctgagtagtatcctttgctttaaatgtccataaaaataattttataatcaataaaacaacgtttgtaaatcaa 
ctgagtttacaagtagagacattgagggatactttcactatgctaaagtgaataatcgaccaaataataactcactt 
tggtatttattcctgtcttataatgttatgtatgaattaaattcatatgcatatggctcactctgacaaaaaaaaat 
aatcttccagatcaatattgactaccgatgcgggtggtcttttgctttgaattctgctgaactttacaccccgaaca 
gcaatgtgtgcttcagctaaaaaaaagtaagtgtgttaatcagtccccccgattcttcattttttgcccctctctcc 
cgtttcgtcggcaaaagaagagaaaataaagataagtctcaagataggttggtaatcgctaaagtggttgtgtggat 
aagagtagcaaaatggcaggaagagcactttgcgcgcacacactgtactcattgttctggataaaattctctcgttg 
tttgccgtcggatgtctgcctctctgccattgagccggcttcttcactatctttagttaacctaaaatgccgtttct 
tttctcgtatcccactatccgttgaggttctctgctctcttcgctcccttaccgccagcgagcaactatccgtgggg 
gcgccttgctcggaagatgggggggaagaaagaagatttttgctatttgcacttgagaaagagacttttcctgcgtc 
gatggttagagaacagtgtgcagacacttttcagctacctagatacatggatatccccgcctcccaatccacccacc 
cagggaaaaagaagggctcgccgaaaaatcaaagttatctccaggctcgcgcatcccaccgagcggttgacttctct 
ccaccacttttcattttaaccctcggggtacgggattggccaaaggacccaaaggtatgtttcgaatgatactaaca 
taacatagaacattttcaggaggacccttggctagcgtcgacggtaccatggggcgcgccgaattcgttaactgatc 
actcgagatgcatggccggccgagctccgcatcggccgctgtcatcagatcgccatctcgcgcccgtgcctctgact 
tctaagtccaattactcttcaacatccctacatgctctttctccctgtgctcccaccccctatttttgttattatca 
aaaaaacttcttcttaatttctttgttttttagcttcttttaagtcacctctaacaatgaaattgtgtagattcaaa 
aatagaattaattcgtaataaaaagtcgaaaaaaattgtgctccctccccccattaataataattctatcccaaaat 
ctacacaatgttctgtgtacacttcttatgtttttitttacttctgataaattttttttgaaacatcatagaaaaaac 
cgcacacaaaataccttatcatatgttacgtttcagtttatgaccgcaatttttatttcttcgcacgtctgggcctc 
tcatgacgtcaaatcatgctcatcgtgaaaaagttttggagtatttttggaatttttcaatcaagtgaaagtttatg 
aaattaattttcctgcttttgctttttgggggtttcccctattgtttgtcaagagtttcgaggacggcgtttttctt 
gctaaaatcacaagtattgatgagcacgatgcaagaaagatcggaagaaggtttgggtttgaggctcagtggaaggt 
gagtagaagttgataatttgaaagtggagtagtgtctatggggtttttgccttaaatgacagaatacattcccaata 
taccaaacataactgtttcctactagtcggccgtacgggccctttcgtctcgcgcgtttcggtgatgacggtgaaaa 
cctctgacacatgcagctcccggagacggtcacagcttgtctgtaagcggatgccgggagcagacaagcccgtcagg 
gcgcgtcagcgggtgttggcgggtgtcggggctggcttaactatgcggcatcagagcagattgtactgagagtgcac 
catatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcggccttaagggcctcgtgatac 
gcctatttttataggttaatgtcatgataataatggtttcttagacgtcaggtggcacttttcggggaaatgtgcgc 
ggaacccctatttgtttatttttctaaatacattcaaatatgtatccgctcatgagacaataaccctgataaatgct 
tcaataatattgaaaaaggaagagtatgagtattcaacatttccgtgtcgcccttattcccttttttgcggcatttt 
gccttcctgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggt 
tacatcgaactggatctcaacagcggtaagatccttgagagttttcgccccgaagaacgttttccaatgatgagcac 
ttttaaagttctgctatgtggcgcggtattatcccgtattgacgccgggcaagagcaactcggtcgccgcatacact 
attctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaatta 
tgcagtgctgccataaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagct 
aaccgcttttttgcacaacatgggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccatac 
caaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactactt 
actctagcttcccggcaacaattaatagactggatggaggcggataaagttgcaggaccacttctgcgctcggccct 
tccggctggctggtttattgctgataaatctggagccggtgagcgfcgggtctcgcggtatcattgcagcactggggc 
cagatggtaagccctcccgtatcgtagttatctacaGgacggggagtcaggcaactatggatgaacgaaatagacag 
atcgctgagataggtgcctcactgattaagcattggtaactgtcagaccaagtttactcatatatactttagattga 
tttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaac 
gtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcctttttttctgcgc 
gtaatctgctgcttgcaaacaaaaaaaccaccgctaccagcggtggtttgtttgccggatcaagagctaccaactct 
ttttccgaaggtaactggcttcagcagagcgcagataccaaatactgtccttctagtgtagccgtagttaggccacc 
acttcaagaactctgtagcaccgcctacatacctcgctctgctaatcctgttaccagtggctgctgccagtggcgat 
aagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttc 
gtgcacacagcccagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagcattgagaaagcgcca 
cgcttcccgaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagctt 
ccagggggaaacgcctggtatctttatagtcctgtcgggtttcgccacctctgacttgagcgtcgatttttgtgatg 
ctcgtcaggggggcggagcctatggaaaaacgccagcaacgcggcctttttacggttcctggccttttgctggcctt 
ttgctcacatgttctttcctgcgttatcccctgattctgtggataaccgtattaccgcctttgagtgagctgatacc 
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Fig 7 contd 

gctcgccgcagccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcc 
tctccccgcgcgttggccgattcattaatgcagctggcacgacaggtttcccgactggaaagcgggcagtgagcgca 
acgcaattaatgtgagttagctcactcattaggcaccccaggctttacactttatgcttccggctcgtatgttgtgt 
ggaattgtgagcggataacaatttcacacaggaaacagctatgaccatgattacgccaagcttgcatgcctgcaggt 

cgactctagag 
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Figure 8: pDW2800 (general cloning vector containing myo-3 promoter) 

agcttgggctgcaggtcggctataataagttc'ttgaataaaataattttcccgacaaaacatgagtatttctttcga 

aaataaaagtgcaggctaattagagattattctgtaattaactgcataatttgtcacgtgccatagttttacattcc 

actacgtcatagttcttaaaatactaatctcctgaaaatagaagtaggtgaagaaagtttaattatcagttctaaaa 

tgacaattgatctttggaatatgttctgaaactaccgatcattgaacagatgct'atttg'aatgatatagaattgtat 

atttgcaatttctgaaacgcgttcttaaaggcacacagattaattcaaaagggtctggccgcaaaaaggtttatggt 

ggccgattttgagttttgtgtgtgattgctttttcacaatcagtgttttcaggattatgtgatgaactagatcttca 

agtttcgttacatttcatatgttttcggaactcacgaagtacatattgggtattgtgctcaaaaaattcagcaatca 

gcttcgctccgctgactttagaacccaaaaaaatagtatggccaaactgactgtgttacgatcatttcaatttttca 

atacatatttaagatttctaagagtaagaaggtcaaaaactgttctggaatacatatatatttttcaggttacaatt 

agtcaaaaagtgcautgaaatatacgttttaatttcacgaataacccaattagttcaatgtatttttggtcaaccaa 

cgttaaagtttggcttccaaccaattatcatttctgatcaaccacaatgttttttctttatctgcaagttaattttt 

tatttttatccacatgtttggcatatttttcaattcttcactagcgcccacttcttgcacttccggcgccctgaatc 

taatgcatctgttgcaagaattgaaagaccaatcaacacattgttttcttcacgagatactgaagaaaatgaataaa 

aacagagaaaaagagccatgtgattagtgacaactgttgctaacagataccatagcttggacttggtacgtgatggc 

aacgtatgggtcaacaaaaatgattgcagagggggtgcaaaacagtcaagtcgagaaaatatgaaaaacagaaaaca - 

aagaacagaaaaatgggtttgagagtcagtataatttataaaagaaaaattgtacatagaaattaaccatttttgta 

gaagaagttatttttcaagcatcgttaaaaattattcaaagcaccttatttcatatttaattttaaacatggttaaa 

tgaacaacacggtgcgcaatcaggaaaacttgaaatctgaaactgttgttgtgatcttcttcgcaactgttcagata 

gcactagtgtaatgttaagagtgcgcgaatataatggaatataatggatcacacctcctgccatcaggtaaacgtct 

ctgttatcacatatttccaactattaaatttttaccttttacagttttacatttttttgaaaaaagtaactttttgt 

cttcaaaatccctgacgaaaatatcaaatattttaatcgagactgcagaggaaccgattgatgatttggaaaatcca 

gctttacctgtgtaagaactgaaaagtttcataaccctagggtattcccagttacattccccactggctaacaatag 

cacccagtttttcatcacctttcttcaaatttctcggcgatttgttaaaaacaaaatttgtgtcccttctctgatat 

ctctatgtctctaaacacaagttcatcggaaaacgaaggagggtaggtgttggttgggctcccgaagtgaaaataga 

agagcaagaatagaatattagagagagagtgcagagagggcgggatagctcccgggattccgttttcttcttcttta 

tcttcaacgatgatgtgtgtgcgtgttgtatagattctgttgctcccccacaactcgctccgaaggctcaatacaat 

tcaattgatattggaggagagcctaccggagtgggaggataagaagaaacataagaagaagaagaagaagaagcatg 

cttctggtttttgatgctatgaaaacggcacaaaaagatgattgaggtcccttttcaataccttctctcatctttca 

aatcccattgaaacctaaaacttctcaccacgctttaccattgttctccaaaaacttatagcaatgtctataacttt 

tttatctctgaaaagcagtgttccatttttctttttcctattttatttcaattgtttctcacatttcgtttggattc 

tttgcttgtcaaccagcttcttcttccacttttaccgtctaattttcagggcagggagccatGaaacccacgaccac 

tagatccatctagaggatccccgggattggccaaaggacccaaaggtatgtttcgaatgatactaacataacataga 

aca'ttttcaggaggacccttggctagcgtcgacggtaccatggggcgcgccgaattcgttaactgatcactcgagat 

gcatggccggccgagctccgcatcggccgctgtcatcagatcgccatctcgcgcccgtgcctctgacttctaagtcc 

aattactcttcaacatccctacatgctctttctccctgtgctcccaccccctatttttgttattatcaaaaaaactt 

cttcttaatttctttgttttttagcttctt'ttaagtcacctctaacaatgaaattgtgtagattcaaaaatagaatt 

aattcgtaataaaaagtcgaaaaaaattgtgctccctccccccattaataataattctatcccaaaatctacacaat 

gttctgtgtacacttcttatgttttttttacttctgataaattttttttgaaacatcatagaaaaaaccgcacacaa 

aataccttatcatatgttacgtttcagtttatgaccgcaatttttatttcttcgcacgtctgggcctctcatgacgt 

caaatcatgctcatcgtgaaaaagttttggagtatttttggaatttttcaatcaagtgaaagtttatgaaattaatt 

fctcctgcttttgctttttgggggtttcccctattgtttgtcaagagtttcgaggacggcgtttttcttgctaaaatc 

acaagtattgatgagcacgatgcaagaaagatcggaagaaggtttgggtttgaggctcagtggaaggtgagtagaag 

ttgataatttgaaagtggagtagtgtctatggggtttttgccttaaatgacagaatacattcccaatataccaaaca 

taactgtttcctactagtcggccgtacgggccctttcgtctcgcgcgtttcggtgatgacggtgaaaacctctgaca 

catgcagctcccggagacggtcacagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcag 

cgggtgttggcgggtgtcggggctggcttaactatgcggcatcagagcagattgtactgagagtgcaccatatgcgg 

tgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcggccttaagggcctcgtgatacgcctatttt 

tataggttaatgtcatgataataatggtttcttagacgtcaggtggcacttttcggggaaatgtgcgcggaacccct 

atttgtttatttttctaaatacattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataata 

ttgaaaaaggaagagtatgagtattcaacatttccgtgtcgcccttattcccttttttgcggcattttgccttcctg 

tttttgctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaa 

ctggatctcaacagcggtaagatccttgagagttttcgccccgaagaacgttttccaatgatgagcacttttaaagt 

tctgctatgtggcgcggtattatcccgtattgacgccgggcaagagcaactcggtcgccgcatacactattctcaga 

atgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgct 

gccataaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgcttt 
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Fig 8 contd 

agcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactacttactctagct 
tcccggcaacaattaatagactggatggaggcggataaagttgcaggaccacttctgcgctcggcccttccggctgg 
ctggtttattgctgataaatctggagccggtgagcgtgggtctcgcggtatcattgcagcactggggccagatggta 
agccctcccgtatcgtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagatcgctgag 
ataggtgcctcactgattaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaact 
tcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagtttt 
cgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcctttttttctgcgcgtaatctgc 
tgcttgcaaacaaaaaaaccaccgctaccagcggtggtttgtttgccggatcaagagctaccaactctttttccgaa 
ggtaactggcttcagcagagcgcagataccaaatactgtccttctagtgtagccgtagttaggccaccacttcaaga 
actctgtagcaccgcctacatacctcgctctgctaatcctgttaccagtggctgctgccagtggcgataagtcgtgt 
cttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacaca 
gcccagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagcattgagaaagcgccacgcttcccg 
aagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccaggggga 
aacgcctggtatctttatagtcctgtcgggtttcgccacctctgacttgagcgtcgatttttgtgatgctcgtcagg 
ggggcggagcctatggaaaaacgccagcaacgcggcctttttacggttcctggccttttgctggccttttgctcaca 
tgttctttcctgcgttatcccctgattctgtggataaccgtattaccgcctttgagbgagctgataccgctcgccgc 
agccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcctctccccgc 
gcgttggccgattcattaatgcagctggcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaatta 
atgtgagttagctcactcattaggcaccccaggctttacactttatgcttccggctcgtatgttgtgtggaattgtg 
agcggataacaatttcacacaggaaacagctatgaccatgattacgcca 
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Figure 9: pDW2400 (general cloning vector containing egl-15 promoter) 

ctagaggatccccgggattggccaaaggacccaaaggtatgtttcgaatgatactaacataacatagaacattttca 
ggaggacccttggctagcgtcgacggtaccatggggcgcgccgaattcgttaactgatcactcgagatgcatggccg 
gccgagctccgcatcggccgctgtcatcagatcgccatctcgcgcccgtgcctctgacttctaagtccaattactct 
tcaacatccctacatgctctttctccctgtgctcccaccccctatttttgttattatcaaaaaaacttcttcttaat 
ttctttgttttttagcttcttttaagtcacctctaacaatgaaattgtgtagattcaaaaatagaattaattcgtaa 
taaaaagtcgaaaaaaattgtgctccctccccccattaataataattctatcccaaaatctacacaatgttctgtgt 
acacttctfcatgttttttttacttctgataaattttttttgaaacatcatagaaaaaaccgcacacaaaatacctta 
tcatatgttacgtttcagtttatgaccgcaatttttatttcttcgcacgtctgggcctctcatgacgtcaaatcatg 
ctcatcgtgaaaaagttttggagtatttttggaatttttcaatcaagtgaaagtttatgaaattaattttcctgctt 
ttgctttttgggggtttcccctattgtttgtcaagagtttcgaggacggcgtttttcttgctaaaatcacaagtatt 
gatgagcacgatgcaagaaagatcggaagaaggtttgggtttgaggctcagtggaaggtgagtagaagttgataatt 
tgaaagtggagtagtgtctatggggtttttgccfctaaatgacagaatacattcccaatataccaaacataactgttt 
cctactagtcggccgtacgggccctttcgtctcgcgcgtttcggtgatgacggtgaaaacctctgacacatgcagct 
cccggagacggtcacagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttg 
gcgggtgtcggggctggcttaactatgcggcatcagagcagattgtactgagagtgcaccatatgcggtgtgaaata 
ccgcacagatgcgtaaggagaaaataccgcatcaggcggccttaagggcctcgtgatacgcctatttttataggtta 
atgtcatgataataatggtttcttagacgtcaggtggcacttttcggggaaatgtgcgcggaacccctatttgttta 
tttttctaaatacattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataatattgaaaaag 
gaagagtatgagtattcaacatttccgtgtcgcccttattcccttttttgcggcattttgccttcctgtttttgctc 
acccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaactggatctc 
aacagcggtaagatccttgagagttttcgccccgaagaacgttttccaatgatgagcacttttaaagttctgctatg 
tggcgcggtattatcccgtattgacgccgggcaagagcaactcggtcgccgcatacactattctcagaatgacttgc 
ttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccataacc 
atgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaa 
catgggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgaca 
ccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttcccggcaa 
caattaatagactggatggaggcggataaagttgcaggaccacttctgcgctcggcccttccggctggctggtttat 
tgctgataaatctggagccggtgagcgtgggtctcgcggtatcattgcagcactggggccagatggtaagccctccc 
gtatcgtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcc 
tcactgattaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaacttcattttto 
atttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttcgttccact 
gagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcctttttttctgcgcgtaatctgctgcttgcaa 
acaaaaaaaccaccgctaccagcggtggtttgtttgccggatcaagagctaccaactctttttccgaaggtaactgg 
cttcagcagagcgcagataccaaatactgtccttctagtgtagccgtagttaggccaccacttcaagaactctgtag 
caccgcctacatacctcgctctgctaatcctgttaccagtggctgctgccagtggcgataagtcgtgtcttaccggg 
ttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacacagcccagctt 
ggagcgaacgacctacaccgaactgagatacctacagcgtgagcattgagaaagcgccacgcttcccgaagggagaa 
aggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccagggggaaacgcctgg 
tatctttatagtcctgtcgggtttcgccacctctgacttgagcgtcgatttttgtgatgctcgtcaggggggcggag 
cctatggaaaaacgccagcaacgcggcctttttacggttcctggccttttgctggccttttgctcacatgttctttc 
ctgcgttatcccctgattctgtggataaccgtattaccgcctttgagtgagctgataccgctcgccgcagccgaacg 
accgagcgcagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcctctccccgcgcgttggcc 
gattcattaatgcagctggcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagtt 
agctcactcattaggcaccccaggctttacactttatgcttccggctcgtatgttgtgtggaattgtgagcggataa 
caatttcacacaggaaacagctatgaccatgattacgccaagcttgcatgctcctctagcttattgtatccatttca 
ttgttttcattcaattttagattgctttaataaatagaagagatttacggcgttaaatcatttgttacttgttttgt 
cctcctcgtgacattgaatgaggtggtgccgttccactgcgcgtgatatatgatacgcagccaattctcggtagacc 
cgcttacttcttcgacctttcgcatttaattgcattctgatatctattttcatattgaccacatgttgttcacctgc 
acactgtcaaaatgactcatttacaataacttttcgcgttcgagatttataaaggaatgcaacacaaacaggtgcgc 
gtaaataaagaaaacgaaattgaattagcttttgcatctaaatatgtcgcctacaattatcccgtgttctatcattt 
ttggcgactgactgccttatgcgcaatgcccaatcactaaccccttttctttttaacgcatctcttttctcatcatt 
gtccattctcgtttatctctccttctttttctaattcccttgattttctctcactttctgattgcatttttctatat 
tgattagcctgtagacacataccaaatactccaaaaaataagacccacagcaacaaaaaaccgacgcctatgttgtc 
ggttaccgtctcatgattgtaatgcccccttctctttttcttatcactcttttctaatggaattcttgggggcaaca 
aactggtttaatgacaaaattgaaacaagaaatccattcacctacctgttaaaattgagtaaatgatgtgacatttg 
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Fig 9 contd 

aactattaagttttgaaattacaattttataatacataacttctacaaaaaagtgcctagaaatcgcacagattaaa 
ttacacttcaataatcaaaaagctggtttataactaaatgttctaatcattaatcacaacctaagttttttatgaac 
attttctttttatttttttaggaatatttagatagaatgtttcactaaagaagtatctcattattttgaaaactagc 
cfctataatcfccaaatttgatctaatttaaactattttatatgcaatgtatgacgttggttttgaaaagttaccatag 
cgttattacgcttacatcagctgctaaaatttgtttttattatacataacgagtttttataaaacctcaaattgctc 
taaaaaaattacataactctataacatagccgtgatcattgaaaagatagacccactttattcgctatatcatactg 
caagactagcaataaaaagttacattgtgtccggaaatgttgaaaggtttttgtttccgtaacatatgcactgcatc 
cggaagaaacacctccagatgtgacttcttattcaaggttttgcttcgatatcaatcgaaacggcattgtgtcattc 
caccttgtcggcgaagacaacgaatccacaacatcttaacatctggacgtctttcgtcgtctcaatttgacgctcgt 
tcactttttactctttttattatcgccctccgctcgctgctcgtttttttttctatgagcaacatatgcgtaaattt 
agacggttctaattatgatttgctttagtttcttgattgttcccagagatcattagaccttatgacccagagggtcg 
gaacttttgaaaacgttgcgcgggtgtcgccaatttgttacatatggtggtggggtatggagccagtaatatataac 
ccatgcatggctcgcgcagaggtaccagtaagaacccaacaaataaatctttgtaccggtctgattcacctctctca 
catgtattcaatttcaaaagtttcacagcttctccttctgagtgttttaatattttgattattagtagataaatagt 
agatacaaaagattgcagaaattcgaatgtttgcctgatacatatcaccatggtgacgtcaccggtt 
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Figure 10: pDW2422 (general cloning vector containing ceh-24 promoter) 

aagcttccttctcgatttcaaaatgtcaactaaacatatgcaacatatgtgctgcaggccttggtcgactctagaca 
cttttcagctacctagatacatggatatccccgcctcccaatccacccacccagggaaaaagaagggctcgccgaaa 
aatcaaagttatctccaggctcgcgcatcccaccgagcggttgacttctctccaccacttttcattttaaccctcgc 
ggtacgggattggccaaaggacccaaaggtatgtttcgaatgatactaacataacatagaacattttcaggaggacc 
cttgcttggagggtaccgagctcagaaaaaatgactgctccaaagaagaagcgtaaggtaccggtagaaaaaatgac 
taaaggagaagaacttttcactggagttgtcccaattcttgttgaattagatggtgatgttaatgggcacaaatttt 
ctgtcagtggagagggtgaaggtgatgcaacatacggaaaacttacccttaaatttatttgcactactggaaaacta 
cctgttccatgggtaagtttaaacatatatatactaactaaccctgattatttaaattttcagccaacacttgtcac 
tactttctgttatggtgttcaatgcttctcgagatacccagatcatatgaaacggcatgactttttcaagagtgcca 
tgcccgaaggttatgtacaggaaagaactatatttttcaaagatgacgggaactacaagacacgtaagtttaaacac 
ttcggtactaactaaccatacatatttaaattttcaggtgctgaagtcaagtttgaaggtgatacccttgttaatag 
aatcgagttaaaaggtattgattttaaagaagatggaaacattcttggacacaaattggaatacaactataactcac 
acaatgtatacatcatggcagacaaacaaaagaatggaatcaaagttgtaagtttaaacatgattttactaactaac 
taatctgatttaaattttcagaacttcaaaattagacacaacattgaagatggaagcgttcaactagcagaccatta 
tcaacaaaatactccaattggcgatggccctgtccttttaccagacaaccattacctgtccacacaatctgcccttt 
cgaaagatcccaacgaaaagagagaccacatggtcctfccttgagtttgtaacagctgctgggattacacatggcatg 
gatgaactatacaaatagcattcgtagaattccaactgagcgccggtcgctaccattaccaacttgtctggtgtcaa 
aaataataggggccgctgtcatcagagtaagtttaaactgagttctactaactaacgagtaatatttaaattttcag 
.catctcgcgcccgtgcctctgacttctaagtccaattactcttcaacatecctacatgctctttctccctgtgctcc 
caccccctatttttgttattatcaaaaaaacttcttcttaatttctttgttttttagcttcttttaagtcacctcta 
acaatgaaattgtgtagattcaaaaatagaattaattcgtaataaaaagtcgaaaaaaattgtgctccctcccccca 
ttaataataattctatcccaaaatctacacaatgttctgtgtacacttcttatgttttttttacttctgataaattt 
tttttgaaacatcatagaaaaaaccgcacacaaaataccttatcatatgttacgtttcagtttatgaccgcaatttt 
tatttcttcgcacgtctgggcctctcatgacgtcaaatcatgctcatcgtgaaaaagttttggagtatttttggaat 
ttttcaatcaagtgaaagtttatgaaattaattttcctgcttttgctttttgggggtttcccctattgtttgtcaag 
agtttcgaggacggcgtttttcttgctaaaatcacaagtattgatgagcacgatgcaagaaagatcggaagaaggtt 
tgggtttgaggctcagtggaaggtgagtagaagttgataatttgaaactggagtagtgtctatggggtttttgcctt 
aaatgacagaatacattcccaatataccaaacataactgtttcctactagtcggccgtacgggccctttcgtctcgc 
gcgtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtcacagcttgtctgtaagcggatg 
ccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggtgtcggggctggcttaactatgcggcatca 
gagcagattgtactgagagtgcaccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcag 
gcggcctfcaagggcctcgtgatacgcctatttttataggttaatgtcatgataataatggtttcttagacgtcaggt 
ggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaatacattcaaatatgtatccgctcat 
gagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttccgtgtcgccc 
ttattcccttttttgcggcattttgccttcctgtttttgct'cacccagaaacgctggtgaaagtaaaagatgctgaa 
gatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatccttgagagttttcgccccga 
agaacgttttccaatgatgagcacttttaaagttctgctatgtggcgcggtattatcccgtattgacgccgggcaag 
agcaactcggtcgccgcatacactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacg 
gatggcatgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcggccaacttacttctgac 
aacgatcggaggaccgaaggagctaaccgcttttttgcacaacatgggggatcatgtaactcgccttgatcgttggg 
aaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgc 
aaactattaactggcgaactacttactctagcttcccggcaacaattaatagactggatggaggcggataaagttgc 
aggaccacttctgcgctcggcccttccggctggctggtttattgctgataaatctggagccggtgagcgtgggtctc 
gcggtatcattgcagcactggggccagatggtaagccctcccgtatcgtagttatctacacgacggggagtcaggca 
actatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagaccaagt 
ttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttttgata 
atctcatgaccaaaatcccttaacgtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatct 
tcttgagatcctttttttctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccagcggtggtttgttt 
gccggatcaagagctaccaactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgtccttc 
tagtgtagccgtagttaggccaccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcctgtta 
ccagtggctgctgccagtggcgataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgca 
gcggtcgggctgaacggggggttcgtgcacacagcccagcttggagcgaacgacctacaccgaa-ctgagatacctac 
agcgtgagcattgagaaagcgccacgcttcccgaagggagaaaggcggacaggtatccggtaagcggcagggtcgga 
acaggagagcgcacgagggagcttccagggggaaacgcctggtatctttatagtcctgtcgggtttcgccacctctg 
acttgagcgtcgatttttgtgatgctcgtcaggggggcggagcctatggaaaaacgccagcaacgcggcctttttac 
ggttcctggccttttgctggccttttgctcacatgttctttcctgcgttatcccctgattctgtggataaccgtatt 
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Fig 10 contd 

accgcctttgagtgagctgataccgctcgccgcagccgaacgaccgagcgcagcgagtcagtgagcgaggaagcgga 
agagcgcccaatacgcaaaccgcctctccccgcgcgttggccgattcatta'atgcagctggcacgacaggtttcccg 
actggaaagcgggcagtgagcgcaacgcaattaatgtgagttagctcoctcattaggcaccccaggctttacacttt 
atgcttccggctcgtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagctatgaccatgatta 
cgccaagctgtaagtttaaacatgatcttactaactaactattctcatttaaattttcagagcttaaaaatggctga 
aatcactcacaacgatggatacgctaacaacttggaaatgaaat 
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Figure 11: pDW2721 (GFP cloned into pDW2700) . 



cgcgccatgagtaaaggagaagaacttttcactggagttgtcccaattcttgtcgaattagatggtgatgttaatggg 
cacaaattttctgtcagtggagagggtgaaggtgatgcaacatacggaaaacttacccttaaatttatttgcactact 
ggaaaactacctgttccatgggtaagtttaaacatatatatactaactaaccctgattatttaaattttcagccaaca 
cttgtcactactttctgttatggtgttcaatgcttctcgagatacccagatcatatgaaacggcatgactttttcaag 
agtgccatgcccgaaggttatgtacaggaaagaactatatttttcaaagatgacgggaactacaagacacgtaagtfct 
aaacagttcggtactaactaaccatacatatttaaattttcaggtgctgaagtcaagtttgaaggtgatacccttgtt 
aatagaatcgagttaaaaggtattgattttaaagaagatggaaacattcttggacacaaattggaatacaactataac 
tcacacaatgtatacatcatggcagacaaacaaaagaatggaatcaaagttgtaagtttaaacttggacttactaact 
aacggattatatttaaattttcagaacttcaaaattagacacaacafctgaagatggaagcgttcaactagcagaccat 
tatcaacaaaatactccaattggcgatggccctgtccttttaccagacaaccattacctgtccacacaatctgccctt 
tcgaaagatcccaacgaaaagagagaccacatggtccttcttgagtttgtaacagctgctgggattacacatggcatg 
gatgaactatacaaatagggccggccgagctccgcatcggccgctgtcatcagatcgccatctcgcgcccgtgcctct 
gacttctaagtccaattactcttcaacatccctacatgctctttctccctgtgctcccaccccctatttttgttatta 
tcaaaaaaacttcttcttaatttctttgttttttagcttcttttaagtcacctctaacaatgaaattgtgtagattca 
aaaatagaattaattcgtaataaaaagtcgaaaaaaattgtgctccctccccccattaataataattctatcccaaaa 
tctacacaatgttctgtgtacacttcttatgttttttttacttctgataaattttttttgaaacatcatagaaaaaac 
cgcacacaaaataccttatcatatgttacgtttcagtttatgaccgcaatttttatttcttcgcacgtctgggcctct 
catgacgtcaaatcatgctcatcgtgaaaaagttttggagtatttttggaatttctcaatcaagtgaaagtttatgaa 
attaattttcctgcttttgctttttgggggtttcccctattgtttgtcaagagtttcgaggacggcgtttttcttgct 
aaaatcacaagtattgatgagcacgatgcaagaaagatcggaagaaggtttgggtttgaggctcagtggaaggtgagt 
agaagttgataatttgaaagtggagtagtgtctatggggtttttgccttaaatgacagaatacattcccaatatacca 
aacataactgtttcctactagtcggccgtacgggccctttcgtctcgcg'cgtttcggtgatgacggtgaaaacctctg 
acacatgcagctcccggagacggtcacagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtc 
agcgggtgttggcgggtgtcggggctggcttaactatgcggcatcagagcagattgtactgagagtgcaccatatgcg 
gtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcggccttaagggcctcgtgatacgcctatttt 
tataggttaatgtcatgataataatggtttcttagacgtcaggtggcacttttcggggaaatgtgcgcggaaccccta 
tttgtttatttttctaaatacattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataatatt 
gaaaaaggaagagtatgagtattcaacatttccgtgtcgcccttattcccttttttgcggcattttgccttcctgttt 
ttgctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaactgg 
atctcaacagcggtaagatccttgagagttttcgccccgaagaacgttttccaatgatgagcacttctaaagttctgc 
tatgtggcgcggtattatcccgtattgacgccgggcaagagcaactcggtcgccgcatacactattctcagaatgact 
tggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccataa 
ccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcaca 
acatgggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgaca 
ccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttcccggcaac 
aattaatagactggatggaggcggataaagttgcaggaccacttctgcgctcggcccttccggctggctggtttattg 
ctgataaatctggagccggtgagcgtgggtctcgcggtatcattgcagcactggggccagatggtaagccctcccgta 
tcgtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcac 
tgattaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaacttcatttttaattta 
aaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttcgttccactgagcgt 
cagaccccgtagaaaagatcaaaggatcttcttgagatcctttttttctgcgcgtaatctgctgcttgcaaacaaaaa 
aaccaccgctaccagcggtggtttgtttgccggatcaagagctaccaactctttttccgaaggtaactggcttcagca 
gagcgcagataccaaatactgtccttctagtgtagccgtagttaggccaccacttcaagaactctgtagcaccgccta 
catacctcgctctgctaatcctgttaccagtggctgctgccagtggcgataagtcgtgtcttaccgggttggactcaa 
gacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacacagcccagcttggagcgaacga 
cctacaccgaactgagatacctacagcgtgagcattgagaaagcgccacgcttcccgaagggagaaaggcggacaggt 
atccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccagggggaaacgcctggtatctttatagtc 
ctgtcgggtttcgccacctctgacttgagcgtcgatttttgtgatgctcgtcaggggggcggagcctatggaaaaacg 
ccagcaacgcggcctttttacggttcctggccttttgctggccttttgctcacatgttctttcctgcgttatcccctg 
attctgtggataaccgtattaccgcctttgagtgagctgataccgctcgccgcagccgaacgaccgagcgcagcgagt 
cagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcctctccccgcgcgttggccgattcattaatgcagct 
ggcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagttagctcactcattaggcac 
cccaggctttacactttatgcttccggctcgtatgttgtgtggaattgtgagcggataacaatttcacacaggaaaca 
gctacgaccatgattacgccaagcttgcatgcctgcaggtcgactctagaggatccccagcttgcatgcctgcaggtc 
gaggcatttgaattgggggtggtggacagtaactgtctgtaataataattactcctgaccaggttgcaattcgagttt 
tgataaocataattataccttgtacattgtgggCtttgtgctgcggacgttttattgtggacatccccataagctaca 
agaaaccaaaaatgaaattaaaagtattgaaaaacgtcgtaacattttatatctgagtagtatcctttgctttiaaatg 
tccataaaaataattttataatcaataaaacaacgtttgtaaatcaactgagtttacaagtagagacattgagggata 
ctttcactatgctaaagtgaataatcgaccaaataataactcactttggtatttattcctgtcttataatgttatgta 
tgaattaaattcatatgcatatggctcactctgacaaaaaaaaataatcttccagatcaatattgactaccgatgcgg 
gtggtcttttgctttgaattctgctgaactttacaccccgaacagcaatgtgtgcttcagctaaaaaaaagtaagtgt 
gttaatcagtccccccgattcttcattttttgcccctctctcccgtttcgtcggcaaaagaagagaaaataaagataa 
gtctcaagataggttggtaatcgctaaagtggfctgtgtggataagagtagcaaaatggcaggaagagcactttgcgcg 
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Fig 11 contd 

cacacactgtactcattgttctggataaaattctctcgttgtttgccgtcggatgtctgcctctctgccattgagccg 
gcttcttcactatctttagttaacctaaaatgccgtttcttttctcgtatcccactatccgttgaggttctctgctct 
cttcgctcccttaccgccagcgagcaactatccgtgggggcgccttgctcggaagatgggggggaagaaagaagattt 
ttgctatttgcacttgagaaagagacbtttcctgcgtcgatggttagagaacagtgtgcagacacttttcagctacct 
agatacatggatatccccgcctcccaatccacccacccagggaaaaagaagggctcgccgaaaaatcaaagttatctc 
caggctcgcgcatcccaccgagcggttgacttctctccaccacttttcattttaaccctcggggtacgggattggcca 
aaggacccaaaggtatgtttcgaatgatactaacataacatagaacattttcaggaggacccttggctagcgtcgacg 

gtaccatgggg 
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GAACGAAATGCTGAATCGGCCATCGAAGCGCTCAAGGAATACGAACCAGAAATGGCCA 

AGGTCATCCGATCCGGACACCACGGAATTCAGATGGTTCGCGCTAAGGAACTCGTGCC 

AGGAGATCTTGTCG.AAGTTTCAGgttagcaaaaacttttttttttaactttcaaattt 

taaacca tatatttttcaqTCGGAGAGAAGATCCCAGCCGATCTCCGTCTTGTGAAGA 

TCTACTCCACCACCATCCGTATCGATCAGTCCATCCTCACCGGAGAATCTGTGTCTGT 

TATCAAGCACACCGACTCTGTGCCAGATCCACGCGCTGTTAACCAGGACAAGAAGAAT 

TGTCTGTTCTCGGGA^CCAATGTCGCATCTGGAAAGGCTCGTGGAATCGTCTTCGGAA 

CCGGATTGACGACTGA a >ATCGGAAAGATCCGTAGCGAAATGGCTGAGACCGAGAATGA 

GAAGACACCACTTCAACAGAAGTTGGACGAATTCGGAGAGCAACTTTCCAAGGTTATC 

TCTGTTATTTGCGTTGCTGTTTGGGCTATCAACATTGGACATTTCAACGATCCAGCTC 

ACGGTGGATCATGGGTTAAGGGAGCAATCTACTACTTCAAflATCGCCGTTGCTCTTGC 

CGTCGCTGCTATTCCAGAAGGACTTCCAGCTGTCATCACCACGTGCCTTGCCCTCGGA 

ACTCGCCGTATGGCCAAGAAGAACGCTATTGTAAGATCCCTTCCATCCGTCGAAACTC 

TTGGATGCACATCTGTTATCTGCTCTGACAAGACTGGAACTCTCACCAGCAACCAGAT 

GTCTGTGTCAAAGATGTTCATCGCTGGACAAGCTTCTGGAGACAACATCAAtTTCACC 

GAGTTCGCCATCTCCGGATCCACCTACGAGCCAGTCGGAAAGGTTTCCACCAATGGAC 

GTGAAATCAACCCAGCTGCTGGAGAATTCGAATCACTCACCGAGTTGGCCATGATCTG 

CGCTATGTGCAATGATTCATCTGTTGATTACAATGAGACCAAGAAGATCTACGAGAAA 

GTCGGAGAAGCCACTGAAACTGCTCTTATCGTTCTTGCTGAGAAGATGAATGTTTT'CG 

GAACCTCGAAAGCCGGACTTTCACCAAAGGAGCTCGGAGGAGTTTGCAACCGTGTCAT 

CCAACAAAAATGGAAGAAGGAGTTCACACTCGAGTTCTCCCGTGATCGTAAATCCATG 

TCCGCCTACTGCTTCCCAGCTTCCGGAGGATCTGGAGCCAAGATGTTCGTGAAGGGAG 

CCCCAGAAGGAGTTCTCGGAAGATGCACCCACGTCAGAGTTAACGGACAAAAGGTTCC 

ACTCACCTCTGCCATGACTCAGAAGATTGTTGACC'AATGCGTGCAATACGGAACCGGA 

AGAGATACCCTTCGTTGTCTTGCCCTCGGAACCATCGATACCCCAGTCAGCGTTAGCA 

ACATGAACCTCGAAGACTCTACCCAATTCGTCAAATACGAACAAGACATCACATTTGT 

CGGAGTCGTCGGAATGCTTGACCCCCCAAGAACTGAAGTTTCGGACTCGATCAAGGCT 

TGf AACCACGCTGGAATCCGTGTCATCATGATCACCGGAGACAACAAGAACACCGCTG 

AGGCTATCGGAAGAAGAATCGGACTCTTCGGAGAGAACGAGGATACCACTGGAAAAGC 

TTACACTGGACGTGAATTTGACGATCTTCCACCAGAGCAACAATCTGAAGCCTGCCGC 

AGAGCTAAGCTTTTCGCCCGTGTCGAGCCATCTCACAAGTCCAAGATTGTCGATATCC 

TTCAATCCCAGGGAGAGATTACTGCTATGACCGGAGACGGAGTCAACGACGCTCCAGC 

TTTGAAGAAGGCCGAAATCGGAATTTC TATGGGATCAGGAACTGCTGTCGCCAAGTCT 

GCATCTGAAATGGTTCTTGCTGACGATAACTTCGCATCCATTGTGTCTGCTGTCGAAG 

AAGGACGTGCTATTTACAACAACATGAAACAATTCATCAGATATCTCATCTCATCTAA 

CGTCGGAGAAGTCGTCTCCATCTTCATGGTCGCCGCACTCGGAATTCCAGAGGCTCTC 

ATTCCAGTTCAACTTCTCTGGGTTAACTTGGTCACTGACGGTCTTCCAGCCACTGCTC 

TCGGATTCAATCCACCAGATCTTGACATTATGGACAGACATCCACGTTCAGCCAACGA 

TGGACTCATCTCTGGATGGCTCTTCTTCAGATATCTTGCTGTCGGAA 
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gaattcgaatcactcaccgasttggccatgatctgcgctatgtgcaatgattcatctgttgattacaatgagaccaagaagatc 
tacgagaaagtcggagaagccactgaaactgctc^atcgttc^gctgagaagatgaatgttttcggaacacgaaagccg 
gactttcaccaaaggagctcggaggagtttgcaaccgtgtcatccaacaaaaatggaagaaggagttcacactcgagttct 
cccgtgatcgtaaatcratgtccgcrfactg^ 

cagaaggagttctcggaagatgcacccacgtcagagttaacggacaaaaggttccactcacctctgccatgactcagaag 
attgttgaccaatgcgtgcaatacggaaccggaagagatacccttcgttgtcttgccctcggaaccatcgataccccagtca 
gcgttagcaacatgaacctcgaagactctacccaattcgtcaaatacgaacaagacatcacatttgtcggagtcgtcggaat 
gcttgaccccccaagaactgaagtttcggactcgatcaaggcttgtaaccacgctggaatccgtgtcatcatgatcaccgga 
gacaacaagaacaccgctgaggctatcggaagaagaatcggactcttcggagagaacgaggataccactggaaagctt 



ctag^gaaatccaaaaaaaaaacaaagttcaataaaatgpacccaattgtgcgattmgctttaaaaatacggtacccggt 
ctcgatgcggcaattgmggtaaatgtaaaagggtgtgcgccmaaagagtactgtaamcaatcttccgacactgctgaat 
tmattgacttmgttcattaatmatatatgamattggtat^ 
caaaagttcgagattacagtacttmagaggcgcacatcc^ 

tamccaaaacacaatttcgcgtgtaaataaaaaatatcaacataataatnccattmcgaaatttaaagttaatcacttmg^ 
tagattatgamcacacgttttmccrtrtagttctctt^ 

tgtgtcacataatttctcccagagaaatcccmcaacaaaatctcccggattgacctgtgtgctcgaccttgat 
cagctctctggcttatctmgagaggaaaaagatccaacaaatttUatctcccttatc^^ 
atagtttttttmcgtcgcggaagcaaaatggcgaac^ 
agtgamatgagctccaattmcagatgtttmcctcca^ 

aaatcgaaataaaagagcatagtcgcmttatcgatgtgcttctgtgagactaaagaactadcgtmcactcgttactctct 
ctcaactatcaaagttttgttgattgcgtgtgtcagctt^ 

agcaaaagaactaacttcggggaatacagagaaaattcctgtaaaaatctggaaattttttcgcttaactcgaaatarnagtttt 
tcactgtgamctgggaaaaatcaagaaatatttgcaaaaacacgagtmcacatgaaaaatgaattamattgawmatg 
gagattacaaaaaagacacacgtgaaatfactgctaccgtagttgtgtaaa^ 

ttttttgcagttgaaaatttttaaaaatattttagttatttttaaaaatatttaatttacaaaataattagcctgaacccatgaaaagata 
cgttatamaatmtaccgtaagacmcaagatcgttgcgagacccggcgcctaggtcaaagagcctcccmaa 
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aacacgtmgcctrmcatcgatttmgcagttcmtctt^^ 

ttgaaattatttaaacacgtgcaaccagctggtaacatgtgtcacatgccgttatctaacttcaaaacagtacatttccgatcac 
acgtcccccgcgccgagtmatagmcattaataacttttcggnmgataataaaattgagttttattaattgtttccatattcat 
ctagcactttgacctgtccttcrtcgaattctcaaatamgcactct^^ 

gcatccggggcaccgaaaaaagccctccgattttaacgaatttgagataaagttggagagagagcccagtgtttgcttgcc 

caagatatatatcttggamatcaattartgmgtcaacctgtcgccggcgcccccttmgctcttgctcccacgccccgaga 

ttgaafflcaatmatttcgaagtaagtctcttgattgjttcgaaaatc^ 

ggaaacattgaaatttttctgatcmcmgatcttatgatttttcamatt^ 

gaagcttgagatgttgtaggmatcaaaagatcaaaatctcgaattccttcgaaat^^ 

agcgatcctgacagagatcartgaatmaatgttatcgagattgttgtgtaggctccatacctctctgaagcttctgattttgcc 

gaaagtctagttactlgccgaagctgacactaggatatcccactaccgtacccattgttggatccgtactctgctgcgacttrt 

tctctgtttcacgtgaacctccgggatcgtcggtaagccccgcccgttatctgtgccaacttgtcttcgtgccacgagcgac 

gagctcancaatcacgccacgacctccgtctggacagatgctctcattgtctctgcgtaccaagtattcgtcacactatctca 

tgcattctattcaaaacgcgagagaaagcgcgggaacgagagagagttcagacagatcgaacttgtttttatccccccccc 

cctcgtccggctgcagagcaaaaaaatactgctmccttgcaaaattcggtgcntcttcaaagagaaacttttgaagtcggc 

gcgagcatttcctt^gacnctrtcmccgccaaaaagcctagcamttattgataatttgattacacacactcagagttcttc 

gacatgataaagtgtttcattggcactcgccctaacagtacatgacaagggcggattattatcgatcgatattgaagacaaac 

tccaaatgtgtgctcattttggagccccgtgtggggcagctgctctcaatatattactiagggagacgagg'agggggacctta 

tcgaacgtcgcatgagccattctUcttctttatgcactctcttcactctrtcacacattaatcgattcatagactcccatattccttg 

atgaaggtgtgggtttttagctttttttcccgatttgtaaaaggaagaggctgacgatgttaggaaaaagagaacggagccga 

aaaaacatccgtagtaagtcttccmtaagccgacactmtagacagcattcgccgctagtmgaagtttaaattttaaaaaat 

aaaaaitagmcaattttmmttactaaataggcaaaagttmtcaagaact^^ 

gaaaaatt^gtmaaatttaatatttatcttaagatgtaattacgagaagcttttttgaaaattctcaattaaaagaatttgccgat 

ttagaataaaagtcttcagaaatgagtaaaagctcaaattagaagtttgtttttaaaggaaaaacacgaaaaaagaacactatt 

tatc^caccccgcgtaaaanagngpgtgataatagtgatccgctgtctamgcactcggrtcttcacaccgtgcttcctc 

tcacttgacccaacaggaaaaaaaaacatcacgtctgagacggtgaattgccttatcaagagcgtcgtctctttcacccagta 

acaaaaaaaatttegmctrtacmatatttatgtagg^cacaaaaaaaaagtgatgcagrmgtgggtcggrtgtctccacac 

cacctccgcctccagcagcacacaatcatcttcgtgtgttctcgacgattccttgtatgccgcggtcgtgaatgcaccacattc 

gacgcgcaactacacaccacactcactttcggtggtattactacacgtcatcgttgttcgtagtctcccgctctttcglccccac 

tcaclccicattattcccritegtgtartgatt^^ 

attttatctggaaatttttttaaaattttaggccagagagttctagttat^ 

atcaaaaaaaaagttgataaagaaaactggttattcagaaagagtgtgtctcgttgaaattgattcaaaaaaaaattcccaccc 
ctcgcttgtttrtcaaaatatgagatcaacggaUttttcrt^^ 
ccgagcaaaaoatsasasaamacaaacasaaat^ 
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aaagataftaatgttctttacggmggaggggagagagagatagatmcgcatcaaactccgcc^acatgtcttttagaat 
ctaaaatagatttttrtcatcamttaatagaaaatcgagaaattacagtaamcgcaattttcttgccaaaaatacacgaaattt 
-gtgggtctcgccacgatrtcggtOTagtggttcamggtttaaaagmataaaamcaaattctagtgmaatttccgcataat 
tggacaaaaatgggttmgtcatcatmcaacaagaaatcgtgaaa^^ 

aatatatggtaatttcccgaaatattgagggtctcgccacgatttcagtcacagtggccaggatttatcacgaaaaaagttcgc 

rtagtctcacatttccggaaaaccgaatctaaattagttttttgtcatcattttgaacaaaaaatcgagacatccctatagtttcgc 

aatmcgtcgc^ctctccaaaaatgacag^ctagaatta^ 

catmatttmattacatfggattgartaaaggtcaccaccaccg^ 

gtcgagatmatgtgttatccctgcttgamcgttccgttgt^ 

ggagcacacaggatcccggcgcgcgatgtcgtcgggagatggcgccgcctgggaagccgccgagagatatcagggaa 
gatcgtrtgamctcctcggatgccacctcatctct^ 

gtaaagagatgttmatmacmacaccgggtcrtctctctctgccagcacagctcagt^ggctgtgtgctcgggrt 

ccaccggcggcctcatcttcttcttcttcttctctcrt^^ 

gcattcttacmafflattmcaatmcaatmcagataaaaccaaa^ 

catgccaaagacgccaatgaggtacttttatagtttttaaatmagtttttaatacaamattttccagg^ 

acgggtccggagggattgactccacagcaagttgaaacattgaggaacaaatatcgagaaaatggttggttttttacatgga 

mctcattaaaaattgaatttmccagaaatgcccgccgaagag^^ 

cgatcttctcgtcaagattctcacctcgccgccatcatctcgtttgtgctcgcccttttcgaagagcacgaagatcagacaga 

agcagtgacggcgttcgtcgaaccgttcgtcatccttctcattcttattgccaacgcgaccgtcggagtgtggcaggtagga 

acaacacagacaggcgcacgcectgaaagaaaataagaagaagaagaaaaagcacagttgttttctgtgtttttgtagatc 

aaaagaaaggaactaggagtgattgcacagagagagagagagagaaataatgtcrttttgacttgtttttgttggtgagaga 

gatagggaaaaagagtccctaaagaaaaaatagtgtaacgggcggtccggaagaaatgctctttgcgccgaaaagtttttg 

aaaaaagaagaaaatgatgaaggaaaggcgtgcgtcatgagcttcgcatttacgtacgcaaaaagtgagggatatgtgaa 

aaagatattgggtgatagaatagttgatggangggctgcactatttgcctcaatttgccacaaatttccatctaatttgtcataat 

tttccaggaacgaaatgctgaatcggccatcgaagcgctcaaggaatacgaaccagaaatggccaaggtcatccgatccg 

gacaccacggaattcagatggttcgcgctaaggaactcgtgccaggagatcttgtcgaagtttcaggttagcaaaaacttttt 

ttmaacmcaaatmaaaccatatattmcagtcggagacaagatcccagccgataccgtcttgtgaagatrt 

accatccgtatcgatcagtccatcdcaccggagaatctgtgtctgttatcaagcacaccgactctgtgccagatccacgcgc 

tgttaaccaggacaagaagaattgtctgttctcgggaaccaatgtcgcatctggaaaggctcgtggaatcgtcttcggaacc 

ggangaccactgaaatcggaaagatccgtaccgaaatggctgasaccgagaatgagaagacaccacttcaacagaagtt 

ggacgaattcggagagcaacmccaaggttatctctgttatttgcgttgctgtttgggctatcaacattggacatttcaacg 

cagctcacggtggatcatgggrtaagggagcaatctactacttcaaaatcgccgttgctcttgccgtcgctgctattccagaa 

ggacttccagctgtcatcaccacgtgccttgccctcggaactcgccgtatggccaagaagaacgctattgtaagatcccttc 
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agatgttcatcgctggacaagcnctggagacaacatcaacttcaccgagttcgccatctccggatccacctacgagccagt 

cggaaaggtttccaccaatggacgtgaaatcaacccagctgctggagaaticgaatcactcaccgagttggccatgatctg 

cgctatgtgcaatgattcatctgttgattacaatgagaccaagaagatctacgagaaagtcggagaagccactgaaactgct 

cttatcgttcttgctgagaagatgaatgttttcggaacctcgaaagccggactttcaccaaaggagctcggaggagtttgcaa 

ccgtgtcatccaacaaaaatggaagaaggagttcacactcgagttctcccgtgatcgtaaatccatgtccgcctactgcttcc 

cagcttccggaggatctggagccaagatgttcgtgaagggagccccagaaggagttctcggaagatgcacccacgtcag 

agttaacggacaaaaggttccactcacctctgccatgactcagaagattgttgaccaatgcgtgcaatacggaaccggaag 

agatacccttcgttgtcttgccctcggaaccatcgataccccagtcagcgttagcaacatgaacctcgaagactctacccaat 

tcgtcaaatacgaacaagacatcacatttgtcggagtcgtcggaatgcttgaccccccaagaactgaagtttcggactcgat 

caaggcttgtaaccacgctggaatccgtgtcatcatgatcaccggagacaacaagaacaccgctgaggctatcggaagaa 

gaatcggactcttcggagagaacgaggataccactggaaaagcttacactggacgtgaatttgacgatcttccaccagagc 

aacaatctgaagcctgccgcagagctaagcttttcgcccgtgtcgagccatctcacaagtccaagattgtcgatatccttcaa 

tcccagggagagattactgctatgaccggagacggagtcaacgacgctccagctttgaagaaggccgaaatcggaatttct 

atgggatcaggaactgctgfcgccaagtdgcatctgaaatggtt^ 

gaagaaggacgtgctatttacaacaacatgaaacaattcatcagatatctcatctcatctaacgtcggagaagtcgtctccatc 
ttcatggtcgccgcactcggaattccagaggctacattccag^ 

ccactgctctcggancaatccaccagatcttgacattatggacagacatccacgttcagccaacgatggactcatctctgga 

tggctcttcttcagatatcttgagtcggaagtacgtttaaaaaattcccctaaaaaagtataattctaaaattgaaattttccagc 

ctacgtcggagttgccaccgtcggagcctcaatgtsgtggttctlgttgtacgaggagggaccacagatcacctactaccag 

ctcactcactggatgagatgtsaaatcgagccagacaactttgccgatcttgactgcgccgtattcgaggacaatcacccga 

acgccatggctctgtccgtgcttgtcaccattgagatgctcaacgccatcaactcactttccgagaatcaatcgcttttagtgat 

gccaccatggaagaacatctggctgatggccgccamccctttcgatgtctc^cactttgtcattctctacgttgacatcatgg 

ccaccatcttccaggtatcacaattaatcatatartaatcgaaacataaattcaaatcttcagarcacccctctcaactgggtcg 

aatggatcgcc^gttgaagatacactgccagtgctccttctcgatgaaattacaagttcatcgccagaaactacatcgacg 

gtaagccggagacggtcggcgcgaaggcacgtagtgccatctcgctgctcgcctgggtgtctgtgacgctcgcctactttg 

cgtggatgttgggcccgtacgccgagctcartaaccatgcgctcgtcggtccatctgtcgatccgtcgaaartcgacgcggt 

tgtcacgcccgacaagnacataacgaattgtgattgaagttcttctaacccccaaaccaaccgcctctcaaacaacttgtgat 

gamctcffiatmtfctctcmcttgttctaatcamtggg 

cgtgtaaacccccctctccmctmaggamcttcctc^^ 

atatgtttttmgctaatttmgtgmcccttccttcttgtccactgaaagttctacgtctctcgctctccacatccc 
cctttmcataataamanaitatccmttttaaattaanmgngcgtgtgaatctattasgagctcacaaataaaagtgatcctt 
taaaaaaccttacttccttctgmtrtctctaacctaaccaat^^ 
atmgicgactgtcgatctcgtccatggcaatgcaggat^ 

^~^I^a^TtT.2t2irar^^^ 
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cattmcagacrtcmcatatmctaagtmccaatttttmc^ 
gatctctffiagagatcffiaggatct UU tc Ut grtcaactcatcattcm^ 

caaatttgttagaaarattattacatttcctttaggtttcttctattaaaaaaaaagaaaacttctgctaaattcgtgtacgttgtctct 
cccatttctcattaaaaatcgatattaattgtaatttttggtttgtcctccagtgtcgtgtgcgccatcgatggaaataaaaaagttt 
caaaactattatag ciiucliut atgaaaaatataaaatacaattagaatgmgttaaatgcgatacggtgtgcgcctttaaag 
agtagagtactgtagttccaaaatmgttggtgcgggattttc^ga^^^ 

aaaagttaaataaaactattaaaaacacagaatttttaacaaattgtgaaaaacacatgaaaaatcgatgacaattctacagta 

acgaacattttgaattacagtaatctttaaaggcgcgcacacgtttgcatttaattaaaatgtgtcgtgtcgagaccgactacca 

cgtctcgttattatagaacgagcaattacagcctaacatcaactcagaacaaaccaggatcccacgcaagtttaaaggagca 

tgctgggtatcacaacgatttttigaagagaacgaggccccacgaaacggggagcagaacgaaaaggggatctgcaaaa 

aggggatctgcaaaaaggggatctgcgaaaaggggagatatgaaaaggggagatacgaaaaggggagctggcactgt 

gccaaacgcacaaaacgcaamttctcacgcaacgcacgttgattm^ 

gacgcgg 



ttggttggcagtfctctggcttatctmgagaggaaaaagatccaa 

caataataatag^tmtmtcgtcscggaagcaaaatggcgaacaagtgttggaataagagtactccagggatttaagggct 

gaaagccagtgattiatgagctccaattmcagatgtmttcctc^^ 

^cttttcaaatcga2ataaaagagcatctgtcgctttttat<^ 

ctctctctctcaactatcaaagjmgTtgattgcgtgtgtcagctttt^ 

tctgaagagcaaaagaactaacttcggggaatacagagaaaattcctgtaaaa^ 

magttmcactgtgamctgggaaaaatcaagaaatarttgcctaaaacacgag^mcacatgaaaaatgaattatttattgat 
ttmatggagattacaaaaaagacacacgtgaaactactgctaccgtagttgj^ 

aatgtatmmgcagrtgaaaartmaaaaatattttagnamttaaaaatamaatttacaaaataattagcctgaacccatga 
aaagatacgttataruaatttttaccgtaagactttcaagatcgttgcgagacccggcgcctaggtcaaagagcctccctttaa 
acccatcaacacgtrngcctrmcatcgattttttgcagttcmt^ 

mcccamgaaattamaaacacgtgcaaccagctggtaacatgtgtcacatgccgttatctaacttcaaaacagtacam 

gatcacacgtcccccgcgccgagtmatagtttcattaataactmcggtttttgataatactaattgagttttattaatt 

tattcatctagcactt:gacctgtccttcttcgaattctcaaatatttgcactctgggtttaggtgtgaaaagaattg^ 

gcggggcatccggggcaccsaaaaaagccctccgattttaacgaatttgagataaagttggagagagagcccagtgtttg 

cttgcccaagatataratcrtggatttatcaatiactgttt 

cgagattgaatttcaartttatttcgaaataagtctctt^ 
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tgtagggaaacattgaaattmctgatctttcrttgatcttatgattmcamattccaattaaaaaaaattagcgcattcagaac^ 
agagtgaagcttgagatgttgtaggtttatcaaaagatcaaaatctcgaattccttcgaaatgtttttagttttcgacttccgtgtg 
atttctagcgatcctgacagagatcactgaattttaatgttatcgagattgttgtgtaggctccatctcctctctgaagcttctgatt 
ngccgaaagtrtagttacttgccgactgctgacactaggatatcccactaccgtacccattgttggatccgtactctgctgcg 
acttcttctrtgmcacgtgaacctccgggate^ 

cgacgagctcattcaatcacgccacgacctccgtctggacagatgctctcattgtactgcgtctccaagtattcgtcacacta 

tctcatgcattctattcaaaacgcgagagaaagcgcgggaacgagagagagttcagacagatcgaacttgtttttatccccc 

cccccctcgtccggctgcagagcaaaaaaatartgcttttccttgcaaaattcggtgcmcttcaaagagaaacttttgaagtc 

ggcgcgagcatttccttcmgacttctctcmccgccaaaaagcctagcattmattgataatttgattacacacactcagagtt 

cttcgacatgataaagtgtttcattggcactcgccctaacagtacatgacaagggcgganattatcgatcgatattgaagaca 

aactccaaatgtgtgctcattttggagccccgtgtggggcagctgctctcaatatattactagggagacgaggagggggac 

cttatcgaacgtcgcatgagccattctttcttctttatgcactctcttcactctctcacacattaatcgattcatagactcccatattc 

cttgatgaaggtgtgggttmagc^tttmcccgamg^aaaaggaagaggctgacgatgttaggaaaaagagaacggagc 

cgaaaaaacatccgtagtaagtcttcctmaagccgacacttmaga^ 

aataaaaattagmcaatttttmaattatfaaataggcaaaagt^ 

tagaaaaattcttgtmaaamaatamatcttaagatgtaattacgagaagctttmgaaaattctcaattaaaagaatttgc 

atttagaataaaagtcttcagaaatgagtaaaagctcaaattagaagtttgtttttaaaggaaaaacacgaaaaaagaacacta 

matctmcaccccgcgtaaaattag^gttgtgataatagtgatccgctgtctamgcactcggctc^ 

ctcacttgacccaacaggaaaaaaaaacatcacgtctgagacggtgaattgcctt.atcaagagcgtcgtctctttcacccagt 

aacaaaaaaaatttggtttctmctttatatttatgtaggtcacaaaaaaaaagtgatgcagtmgtgggtcggttgtctccaca 

ccacctccgcctccagcagcacacaatcatcttcgtgtgttctcgacgattccttgtatgccgcggtcgtgaatgcaccacatt 

cgacgcgcaactacacaccacactcactttcggtggtattactacacgtcatcgttgttcgtagtctcccgctctttcgtcccca 

ctcactcctcattattccccttggtgtattgatmtmaaat^ 

gatmatctggaaatmmaaaamtaggccagagagttctagttdtg^tctaaaagtctaggtcagacatacatmrtamct 
catcaaaaaaaaagttgataaagaaaactggrtancagaaagagtgtgtctcgttgaaattgattcaaaaaaaaattcccacc 
cctcgcttgmdcaaaatatgagatcaacggatttmccttctcgatto^ 

tccgagcaaaagatgagagaatrtacaaacagaaatgaaaaaaagttggccaaataatgaagttttatccgagattgatggg 

aaagatattaatgttcmacggmggaggggagagagagatagatmcgcatcaaart^ 
ctaaaatagattmctcatcattmaatagaaaatcgagaaattacagtaatttcgcaattttcttgccaaaaatacacgaaattt 
gtgggtrtcgccacgatctcgetcnagtggttcatuggutaaaagutataaaatttcaaattctagtgtttaatttccgcataat 
tggacctaaaatgggtttrtgtcatcattttcaacaagaaatcgtgaaaatcctgttgtttcgcaattttcttttcaaaaatacacga 

aatatatggtaatttcccgaaatactgagggtctcgccacgatt^^ 

ctagtctcacamccggaaaaccgaatctaaattagltttttgtcatcattttgaacaaaaaatcgagacatccctatagtncgc 
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catmamtttattacactggattgactaaaggtcaccaccaccgccagtgtgtgccatatcacacacacacacacacacaat 
gtcgagattttatgtgttatccagcugatttcgttccgtt^ 

ggagcacacaggatcccggcgcgcgatgtcgtcgggagatggcgccgcctgggaagccgccgagagatatcagggaa 

gatcgtctgamacctcggatgccacctcatctctcgagm^ 

gtaaagagatgtttttatmacmacaccgggtcctrt^ 

cc^ccggcggcctcatcttcttrttcttctt 

gcamcttacmatttattttmcaatmcaattttcagataaaa 



ctgcagagcaaaaaaatactgctmccugcaaaartcggtgcmcttcaaag 
cttctttgacttctctctttccgccaaa^gcc^ 

gtgmcattggcactcgccctaacagtacatgacaagggcggattattatcgatcgatattgaagacaaactccaaatgtgtg 

ctwtmggagccccgtgtgsggcagctgctctcaatatattactagggagacgaggagggggaccttatcgaacgtcgc 

atgagccattcmcttcmatgcactacttcactctctcacacattaatcgattcatagactcccatattccttgatgaaggt^ 

ggttmagctttttttcccgamgtaaaaggaagaggctgacgatgttaggaaaaagagaacggagccgaaaaaacatccg 

tagt'aagtcttcctmaagccgacacttmagacagcancgccgctagtmgaagmaaatmaaaaaataaaa 

aattttttttaattactaaataggcaaaagttmtcaagaart^ 

ttaaamaatatttatcttaagatgtaattacgagaagcttttttgaaaattctcaattaaaagaatttgccgatttagaataaaagt 

cttcagaaatgagtaaaagacaaanagaagtttgttmaaaggaaaaacacgaaaaaagaacactamatcttttcctccc 

cgcgtaaaattagttgjtgtgataatagtgatccgctgtctamgcactcggctcttcacaccgtgcttcctrt 

acaggaaaaaaaaacatcacgtctgagacggtgaattgccttatcaagagcgtcgtrtctttcacccagtaacaaaaaaaatt 

tggmctttacmatama.tgraggtcacaaaaaaaaagt^ 

cagcagcacacaatcatcttcstgtgrtacgacgattccttgtatgccgcggtcgtgaatgcaccacatt 

acacaccacactcactttcggrggtattactacacgtcatcgtt^ 

ttccccttggtgtartgamttmaaatggtacaccactc^^ 

ttttmaaaamtaggccagagagttctagttcttgttctaaaagtctaggtcagacatacattttctatttctcatcaaaaaaaaa 
gngataaagaaaactggttancagaaagagtgtgtctcgttgaaattgattcaaaaaaaaattcccacccctcgcttgtttctc 

aaaatatgagatcaacggammccttctcgattcaatttm^^ 

atgagagaatnacaaacagaaaigaaaaaaagttggccaaataatgaagttttatccgagattgatgggaaagatattaatg 
ttcmacggtttggaggggagagagagatagattttcgcat^ 

ctcatcatttttaatagaaaaccgagaaattacagtaatttcgcaattttcngccaaaaatacacgaaatttgtgagtctcgcca 
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ggttmgtcatcatmcaacaagaaatcgtgaaaatcctgttgmcgc^ 

tcccgaaatattgagggtctcgccacgatttcagtcacagtggccaggatttatcacgaaaaaagttcgcctagtctcacattt 
ccggaaaaccgaatctaaattagl^gtcatcamtgaacaaaaaatcgagacatccctatagmcgcaattttcgtcgcttt 
tcttfccaaaaatgacagtaagaattaaaattcgctggaactgggac 

cactggattgactaaaggtcaccaccaccgccagtgtgtgccatatcacacacacacacacacacaatgtcgagattttatgt 

gttatccctgcttgamcgttccgttgtctctctrtctctattcatctmgagccgagaagctccagagaatggagcacacagg 

atcccggcgcgcgatgtcgtcgggasatggcgccgcctgggaagccgccgagagatatcagggaagatcgtctgatttc 

tcctcggatgccacctcatctctcgagmctccgcctgrtart^^ 

tttattttactttacaccgggtcctrtrtctc^ 

tcatctt<ttctt(ttcttctctcrtgttctcgcttatcacrt(ttc^^ 

ttatttttttcaattttcaattttcagataaaaccaaactacttgggttacagccgtcaaca 



tcgactctagtmgaaatccaaaaaaaaaacaaagttcaataaaatgttacccaattgtgcgattmgctttaaaaatacggta 
cccggtctcgatgcggcaangmggtaaatgtaaaagggtgtgcgcctttaaagagtactgtaatncaatcttccgacactg 
ctgaattmattgatttmgttcattaartttatatatgamattg^ 

aacaacaaaagttcgagattacagtactttttagaggcgcacatcctttttgggatactaaacaattgtcgcgtcgagaccag 
gtaccatatttccaaaacacaatttcgcgtgtaaataaaaaatatcaacataataatttccatttttcgaaatttaaagttaatcaa 
tmggmagattatgamcacacgtttmtccUttagttctcttt^ 

cagcaatgtgtcacataamctcccagagaaatccctttcaacaaaatctcccggattgacrtgtgtgctcgaccttgataaat 

tggttggcagctctctggcttatctmgagaggaaaaagatccaacaaattmata^ 

aataata'atagtttttttmcgtcgcggaagcaaaatggcgaaca^ 

aaagccagtgatttatgagctccaattmcagatgtttmcctccatcgcgtaWgtctaaacattcgatmcttcctgctt 

actmcaaatcgaaataaaagagcacctgtcgcmttatcgatgtg^ 

ctctctrtcaactatcaaagtmgttgattgcgtgt^ 

tgaagagraaaagaaaaacttcggggaatacagagaaaattcctgtaaaaatctggaaattttttcgcttaactcgaaatattt 

agttmcactgtgamctgggaaaaatcaagaaatatttgcctaaaacacgagttttcacatgaaaaatgaattamattgacttt 

ttatggagattacaaaaaaaacacacgtgaaactactgctaccgtagttgtgtaaacgtagtgttctctattttagacctgtttaa 

tgtatmmgcagttgaaaactmaaaaatatmagttatttttaaaaatatttaatttacaaaataattagcctgaacccatgaaa 

agatacgttatatuaatttttaccgtaagactucaagatcgttgcgagacccggcgcctaggtcaaagagcctccctttaaac 

ccatcaacacgttttgccttttecatcgattuctgcag^^ 
tfctamgaattnariTaaatacsrgcfi^ 
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atcacacgtcccccgcgccgagtmatagmcattaataac^cggnmgaiaatactaattgagtmattaattgmccata 

ttcatctagcacmgacctgtccttcttcgaattclcaaatatttgcactctgggtttaggtgtgaaaagaattgtcgtcattaagc 

ggggcatccggggcaccgaaaaaagccctccgattttaacgaatttgagataaagttggagagagagcccagtgtttgctt 

gcccaagatatatatcttggatttatcaattactgmgtcaacctgtcgccggcgcccccttmgctctt 

agattgaamcaatmamcgaagtaagtctatgattgmcgaaaatccgatgacagttttcattacttt^ 

tagggaaacattgaaattmctgatc^cmgatcttatgattmcamattccaattaaaaaaaattagcgwttcagaaccag 

agtgaagcttgagatgttgtaggtttatcaaaagatcaaaatctcgaattc^^ 

tctagcgatcctgacagagatcactgaatmaatgttatcgagattgttgtgtaggctccatctcaactgaagcttctgattttg 
ccgaaa^ctagttacttgccgactgctgacactaggatatcccactaccgtacccattgttggatccgtactctgctgcgact 
tcttctctgtttcacgfgaacctccgggatcgtc^ 

acgagctcattcaatcacgccacgacctccgtctggacagatgctctcattgtdrtgcgtctccaagtattcgtcacactatct 

catgcattctattcaaaacgcgagagaaagcgcgggaacgagagagagttcagacagatcgaacttgtttttatccccccc 

cccctcgtccggctgcagagcaaaaaaatactgcttttccttgcaaaattcggtgctttcttcaaagagaaacttttgaagtcg 

gcgcgagcatttccttcmgacttrtctctttccgccaaaaagcctagcatttttaltgataatttgattacacacactca 

ttcgacatgataaagtgmcattggcactcgccctaacagtacatgacaagggcgganattatcgatcgatattgaagacaa 

actccaaatgtgtgctcattttggagccccgtgtggggcagctgctctcaatatattactagggagacgaggagggggacct 

tatcgaacgtcgcatgagccattctttcttcmatgcactctctta^ 

tgatgaa^gtgggttntagcttttmcccgatttgtaaaaggaagaggctgacgatgttaggaaaaagagaacggagcc 

gaaaaaacatccgtagtaagtcttcctmaagccgacacttmagacag 

ataaaaattagmcaattttttttaattactaaataggcaaaagflmtcaagaactrt^ 

agaaaaattcttgtmaaamaatatttatcttaagatgtaanacgagaagctttmgaaaattctcaattaaaagaatttgccga 
tttagaataaaagtcttcagaaatgagtaaaagctcaaattagaagtttgtttttaaaggaaaaacacgaaaaaagaacactat 
ttatctmcctccccgcgtaaaattagttgtt^gaU^ 

ctcacttgacccaacaggaaaaaaaaacatcacgtctgagacggtgaattgccttatcaagagcgtcgtctcmcacccagt 

aacaaaaaaaatttggmcmactttatatttatgtaggtcacaaaaaaaaagtgatgcagtmgtgggtcggttgtctccaca 

ccacctccgcctccagcagcacacaatcatcttcgtgtgttctcgacgattccttgtatgccgcggtcgtgaatgcaccacatt 

cgacgcgcaactacacaccacactcactttcggtggtanactacacgicatcgngttcgtagtctcccgctctttcgtcccca 

ctcactcctcattattccccnsgtgtattgattttttttaaatggtacaccactcctgacgmctaccttcttgttttccgtccattt 

gatmatctggaaamttttaaaattttaggccagagagttctagttctt^^ 

catcaaaaaaaaagttgataaagaaaactggtiattcagaaagagtgtgtctcgttgaaattgattcaaaaaaaaattcccacc 
cctcgcttgtttctcaaaatatgagatcaacggattttttccttctcgattcaattttttgctgcgctctgtctgccaaagtgtgtgtg 
tccgagcaaaagatgagagaatttacaaacagaaatgaaaaaaagttggccaaataatgaagttttatccgagattgatggg 
aaagatattaatgttctttacggtttggaggggagagagagatagattttcgcatcaaactccgccttttacatgtcttctagaat 

ctaaaatasatttttctcaccattttaa^^ 
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gtgggtctcgccacgatctcggtcttagtggttcamggmaaaagmataaaatttcaaattctagtgtttaatttccgcataat 
tggacctaaaatgggttmgtcatcatmcaacaagaaatcgtgaaaatcrt^ 

aatatatggtaatttcccgaaatattgagggtctcgccacgatttcagtcacagtggccaggatttatcacgaaaaaagttcgc 
ctagtrtcacamccggaaaaccgaatctaaanagttttttgtcatcattttgaacaaaaaatcgagacatccctatagtttcgc 
aatfflcgtcgctmctctccaaaaatgacagtctaga^^ 

cattttattttttattacartggattgactaaaggtcaccaccaccgccagtgtgtgccatatcacacacacacacacacacaat 
gtcgagatmatgtgttatccttgcttgamcgttccgtfgtcrtri^ 

ggagcacacaggatcccggcgcgcgatgtcgtcgggagatggcgccgcctgggaagccgccgagagatatcagggaa 
gatcgtctgatrtctcctcggatgccacctcatctctcgagmaccgcctgttaaccctgccgaacctgatamcccgttgtc 
gjaaagagatgttmatmacmacaccgggtcctctctcto^ 
ccaccggcggcctcatcttcttcttcUcttrtctcc^ 

gcamcttacmamamtmcaatmcaattttcagataaaaccaaactacttgggttacagccgtcaacatggaggacgcg 

catgccaaagacgccaatgaggtactmatagtmtaaatmagttmaatacaamatmccaggtgtgcaaa 

acgggtccggagggattgactccacagcaagttgaaacattgaggaacaaa^ 

mrtcattaaaaangaatttmccagaaatgcccgccgaagagggaaaatcactgtgggagctgaftctcgagcaattc^ 

cgatcttctcgtcaagattctcacctcgccgccatcatacgmgtgacgcccttttcgaagagcacgaagatcagacaga 

agcagtgacggcgttcgtcgaaccgttcgtcatccttctcattcttattgccaacgcgaccgtcggagtgtggcaggUgga 

acaacacagacaggcgcacgcgctgaaagaaaataagaagaagaagaaaaagcacagttgttttctgtgtttttgtagatc 

aaaagaaaggaactaggagtgattgcacagagagagagagagagaaataatgtmt^ 

gatagggaaaaagag^ccctaaagaaaaaatagtgtaacgggcggtccggaagaaatgctctttgcgccgaaaagtttttg 

aaaaaagaagaaaatgatgaaggaaaggcgtgcgtcatgagcttcgcatttacgtacgcaaaaagtgagggatatgtgaa 

aaagatattgggtgatagaatagngatggattgggctgcactatttgcctcaatttgccacaaatttccatctaatttgtcataat 

tttccaggaacgaaatgctgaatcggccatcgaagcgctcaaggaatacgaaccagaaatggccaaggtc'atccgatccg 

gacaccacggaattcagatggttcgcgctaaggaactcgtgccaggagatc 



atggaggacgcgcatgccaaagacgccaatgaggtgtgcaaattcttcggaacgggtccggagggattgactccacaec 
aagttgaaacattgaggaacaaatatggagaaaatgaaatgcccgccgaagagggaaaaicactgtgggagagatta^ 
gagcaattcgacgatcttctcgtcaagattctcctcct^ 

gatcagacagaagcagtgacggcgttcgtcgaaccgttcgtcatccttctcattcttattgccaacg-cgaccgtcggagtgtg. 

gcaggaacgaaatgctgaatcggccatcgaagcgctcaaggaatacgaaccagaaatggccaaggtcatccgatccgg 

acaccacgoanj&asategrtv^scja&seaa^ 
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agccgatctccgtcttgtgaaaatctactccaccaccatccgtatcgatcagtccatcctcaccggagaatctgtgtctgl ucc 

aagcacaccgactctgtgccagatccacgcgctgttaaccaggacaagaagaattgtctgttctcgggaaccaatgtcgca 

tctggaaaggctcgtggaatcctcttcggaaccggattgaccactgaaatcggaaagatccgtaccgaaatggctgagacc 

gagaatgagaagacaccacttcaacagaagttggacgaattcggagagcaactttccaaggttatctctgttatttgcgttgct 

gmgggctatcaacattggacarttcaacgatccagctcacggtggatcatgggttaagggagcaatctactacttcaaaatc 

gccgttgctcttgccgtcgctgaattccagaaggacttccagctgtcatcaccacgtgccttgccctcggaactcgccgtat 

ggccaagaagaacgctattgtaagatcccttccatccgtcgaaactcttggatgcacatctgttatctgctctgacaagactg 

gaactctcaccaccaaccagatgtctgtgtcaaagatgncatcgctggacaagcttdggagacaacatcaacttcaccga 

gttcgccatctccggatccacctacgagccagtcggaaaggtttccaccaatggacgtgaaatcaacccagctgctggaga 

attcgaatcactcaccgagttssccatgatctgcgctatgtgcaatgattcatctgttgattacaatgagaccaagaagatcta 

cgagaaagtcggagaagccactgaaactgctcttatcgttc^gctgagaagatgaatgttttcggaacctcgaaagccgga 

ctttcaccaaaggagctcggaggagmgcaaccgtgtcatccaacaaaaatggaagaaggagttcacactcgagttctcc 

cgtgatcgtaaatccatgtccgcctactgcttcccagcttccggaggatctggagccaagatgttcgtgaagggagcccca 

gaaggagttctcggaagatgcacccacgtcagagttaacggacaaaaggttccactcacctctgccatgactcagaagatt 

gttgaccaatgcgtgcaatacssaaccggaagagatacccttcgttgtc^gccctcggaaccatcgataccccagtcagc 

gttagcaacatgaacctcgaagactctacccaattcgtcaaatacgaacaagacatcacatttgtcggagtcgtcggaatgct 

tgaccccccaagaactgaagmcggactcgatcaaggcttgtaaccacgctggaatccgtgtcatcatgatcaccggaga 

caacaagaacaccgctgaggctatcggaagaagaatcggactcttcggagagaacgaggacaccactggaaaagcttac 

actggacgtgaatttgacgatcttccaccagagcaacaatctgaagcctgccgcagagctaagcttttcgcccgtgtcgagc 

catctcacaagtccaagattgtcgatatccttcaatcccagggagagattactgctatgaccggagacggagtcaacgacg 

ctccagcmgaagaasgccgaaatcggaatttctatgggatcaggaactgctgtcgccaagtctgcatctgaaatggttctt 

gctgacgataacttcgcatccangtgtctgctgtcgaagaaggacgtgctatttacaacaacatgaaacaattcatcagatat 

ctcatctcatctaacgtcggagaagtcgtctccatctt^^ 

cttctctgggttaacttggtcactgacggtcttccagccactgctctcggattcaatccaccagatcttgacattatggacagac 
atccacgttcagccaacgatggartcatctctgga^ 

.ccgtcggagcctcaatgtggtgsncttgttgtacgaggagggaccacagatcacctactaccagctcactcactggatg 
atgtgaaatcgagccagacaactngccgatcttgactgcgccgtancgaggacaatcacccgaacgccatggctagtcc 
gtgcttgtcaccattgagatgctcaacgccatcaactcactttccgagaatcaatcgcttttagtgatgccaccatggaagaac 
ataggctgatggccgccatttccctttcgatgtctrttcactttgtcattctctacgttgacatcatggccacca 
acccctctcaaagggtcgaatggatcgccgtgttgaag 

gccagaaactacatcgacggiaagccggagacggtcggcgcgaaggcacgtagtgccatctcgctgctcgcctgggtgt 

ctgtgacgctcgcctactttgcgtggatgttgggccc^^ 
ccgtcgaaattcgacgcggtcg:cacgcccgacaagttacataacgaatcgtga . 
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aaagtgaataatcgaccaaataataactcacmggtamattcctgtcttataatgttat^atgaattaaattcatatgcatatgg 
ctcactctgacaaaaaaaaataatcrtccagatcaatattgato^^ 

caccccgaacagcaatgtgtg(mcagctaaaaaaaagtaagt^gttaatcagtccccccgattcrtcattttttgcccctctct 
cccgmcetcggcaaaagaagagaaaataaagataagtctcaagatag^ 

agtagcaaaatggcaggaagagcactttgcgcgcacacactgtactcattgttctggataaaattctctcgttgtttgccgtcg 
gatgtctgcctctctgccattgagccggcttcttcactatct^^ 

tgaggttactgctctcttcgctcccttaccgccagcgagcaactatccgtgggggcgccttgctcggaagatggggggga 
agaaagaagatttttgctatctgcacctgagaaagagacttttcctgcgtcgatggtragagaacagtgtgcagacacttttcag 
ctacctagatacatggatatccccecctcccaatccacccacccagggaaaaagaagggctcgccgaaaaatcaaagttat 
ctccaggcicgcgcatcccaccgagcggttgacttctctccaccacttttcatittaaccctcggggxacggg 
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agcttgggctgcaggtcggctataataagttcttgaataaaataattttcccgacaaaacatgagtatttctttcgaaaataaaa 

gtgcaggctaattagagattattctgtaattaactgcataamgtcacgtgccatagttttacattccactacgtcatagttctt 

aatactaatctcagaaaatagaagtaggtgaagaaagtttaattatcagttctaaaatgacaattgatctttggaatatgttctg 

aaactaccgatcattgaacagatgctaWgaatgatatagaattgtatatttgcaatttrtgaaacgcgttcttaaaggcacaca 

gattaattcaaaagggtctggccgcaaaaaggttatggtggccgattttg^ 

ttcaggattatgtgatgaactagatcttcaagptcgttacamcatatgttttcggaactcacgaagtacatattgggtattgtgc 
tcaaaaaattcagcaatcagcttcgctccgctgacmagaacccaaaaaaatagtatggccaaactgactgtgttacgatcat 
ttcaamttcaatacatatttaagarttctaagagtaagaaggtcaaaaactgttctggaatacatatatatttttcaggttacaatt 
agtcaaaaagtgcactgaaatatacgtmaatttcacgaataacccaattagttcaatgtatttttggtcaaccaacgttaaagtt 
tggcttccaaccaattatcamctgatcaaccacaatgttttttctttatctgcaagttaattmtatmtatccagatgm 

tttttcaattcttcartagcgc^ 

aacacattgttttcttcacgagacactgaagaaaatgaataaaaacagagaaaaagagccatgtgattagtgacaactgttgc 
taacagataccatagcttggacttggtacgtgatggcaacgtatgggtcaacaaaaatgattgcagagggggtgcaaaac^ 
gtcaagtcgagaaaatatgaaaaacagaaaacaaagaacagaaaaatgggtttgagagtcagtataatttalaaaagaaaa 
attgtacatagaaattaaccattmgtagaagaagttatttttcaagcatcgttaaaaattattcaaagcaccttatttcatatttaat 
tttaaacatggttaaatgaacaacacggtgcgc^tcaggaaaacttgaaattf^^ 

ttcagatagcactagtgtaatgttaagagtgcgcgaatataatggaatataatggatcacacctcctgccatcaggtaaacgt 

ctctgttatcacatamccaactattaaamttaccttttacagttttacatttttttgaaaaaagtaactttttgtcttcaaaatccctg 

acgaaaatatcaaatattttaatcgagactgcagaggaaccgattgatgamggaaaatccagctttacctgtgtaagaactg 

aaaagtttcataaccctagggtattcccagttacattccccactggctaacaatagcacccagttmcatcaccmcttcaaa^ 

tctcggcgamgttaaaaacaaaatttgtgtcccttrtctgatattf^ 

gggtaggtgttggttgggctcccgaagtgaaaatagaagagcaagaatagaatattagagagagagtgcagagagggcg 
ggatagctcccgggattccgtmcttcttcmatcto^ 

ctcgctccgaaggctcaatacaattcaattgatattggaggagagcctaccggagtgggaggataagaagaaacataaga 

agaagaagaagaagaagcatgcttctggtttttgatgctatgaaaacggcacaaaaagatgattgaggtcccttttcaatacc 

ttctrtcatc^caaatcccattgaaacctaaaacttctcaccacgctttaccattgttctccaaaaacttatagcaatgtct 

ctttmatrtagaaaagcagtgnccattmcmttcctamtamcaattgtttctcacatttcgtttggattcW 

agcttcttcttccacttttaccgtctaattttcagggcagggagccatcaaacccacgaccactagatccat 

ccttctcgatttcaaaatgtcaactaaacatatgcaacatatgtg 
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1 

SEQUENCE LISTING 

<110> DEVGEN NV 

<120> METHODS FOR IDENTIFYING PESTICIDAL COMPOUNDS 
<130> SCB/56265/002 
<160> 39 



<210> 1 
<211> 8367 . 

<212> DNA 

<213> Artificial sequence 

<220> 

<223> pcDNA3 containing Arabidopsis SERCA cDNA 
<400> 1 

gatccatgga agacgcctac gccagatctg tctcagaggt gcttgatttc tttggggtag 60 

acccaacaaa gggtctttct gattctcagg ttgttcatca ttccaggctt tatggcagga 120 

atgtactgcc tgaagagaaa agaacgccat tctggaaact ggttctgaac agtttcgatg 180 

atttacttgt caagatattg attgtggctg caattgtttc tttcgtattg gctttggcta 240 

atggagagac tggtttaaca gcatttctgg agccttttgt cattctgctg atattggctg 300 

caaatgcggc agtg'ggggtg atcacggaga ctaatgctga gaaggctctt gaggagctac 360 

gtgcctacca agcaaatata gctacagtgt tgcgaaatgg gtgcttctct atcctaccag 420 

caacagagct ggttccaggc gacattgttg aagttactgt gggatgtaag attccagctg 480 

acctgaggat gattgagatg tctagcaata cgtttcgagt tgatcaagcc attctaactg 54 0 

gtgaaagctg ttccgtggaa aaagatgttg actgtacttt aacaacaaat gctgtctacc 600 

aagacaagaa aaatatttta ttttcgggaa ctgatgtggt cgcgggtagg ggaagggctg 660 

ttgtcattgg agttggttca aacaccgcaa tgggtagcat acacgattct atgttgcaga 720 

cagatgatga ggcaactcca ttgaaaaaga agctggacga gtttggcagc tttttggcta 780 

aggtaattgc gggtatttgt gtacttgtgt gggttgtcaa cattggtcac ttcagtgacc 84 0 

cttctcatgg tggatttttt aaaggcgcaa ttcactattt taagattgca gttgcccttg 900 

ctgttgcagc tattcctgaa ggacttcctg ctgtcgtgac aacgtgttta gctcttggaa 960 

caaagaaaat ggctcgtttg aatgctattg tacggtcatt accatctgtc gagacgcttg 1020 

ggtgcactac tgtaatttgc agtgacaaga ctggaacatt gacaaccaat atgatgtcgg 1080 

tgtctaagat atgtgtagtc caatctgcag agcatggtcc tatgattaat gaattcctgt 114 0 
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tagtggagac aacttatgca ccagaaggta ccgtctttga cagcaatggg atgcagcttg 1200 

acttacctgc tcagtcacct tgccttcatc atttagcaat gtgttcatca ctctgcaatg 1260 

actccatctt gcaatacaat ccagataagg attcttatga aaaaattgga gagtcaactg 1320 

aagttgctct tcgagttctt gcagaaaagg ttgggctccc tggttttgat tcaatgcctt 1380 

ctgctctaaa catgttgagc aagcatgaac gtgcatcata ttgcaaccat tattgggaaa 1440 

accaattcaa aaaggtttat gttttggagt ttactcgtga ccgaaaaatg atgagcgtcc 1500 

tatgtagcca taagcaaatg gatgttatgt tctcaaaggg tgctccagag agtataatag 1560 

ctaggtgtaa taaaattctc tgcaacggtg atggttctgt tgttcctcta actgctgctg 1620 

gccgtgcaga gcttgagtcg aggttttaca gttttggcga tgaaacattg agatgcttag 1680 

cattagcatt taagaccgtg ccccacggtc aacaaactat ttcctatgat aatgagaacg 1740 

acctgacgtt tattgggttg gtgggaatgc ttgatccacc aagagaagaa gtgagagatg 1800 

ctatgcttgc gtgtatgact gctgggatac gtgttatagt tgttactggg gataacaagt 1860 

ccacagcaga gtcactatgt agaaaaatag gggcttttga caatctggta gacttttctg 1920 
gtatgtccta caccgcttct gaatttgaac ggcttccagc agtgcagcaa actctagcat ' 1980 

tgcgacggat gacacttttt tccagggttg aaccttccca caaaaggatg cttgttgaag 2040 

ccctacagaa acaaaacgaa gtggtggcaa tgactggtga tggcgttaat gatgcccctg 2100 

cattgaagaa agctgacatt gggattgcca tgggttctgg aacagctgta gcaaagagtg 2160 

cttcagatat ggttttggct gatgataatt ttgcttcaat agttgcggct gttgcagaag 2220 

gaagggctat atataataac acaaggcaat tcattagata catgatttct tcaaatatag 2280 

gggaagtggt ctgtatattt gttgcagctg tactgggaat ccctgatacc ttggcacctg 2340 

ttcaacttct gtgggtcaat ttggtaacag atggattgcc tgccactgcc attggcttta 2400 

ataaacaaga ttccgatgtt atgaaggcaa aaccccgaaa ggttggtgaa gcagtggtca 24 60 

ctgggtggtt attcttccgc tatttggtta tcggagttta tgtcggcctg gccactgttg 2520 

ctggctttat atggtggttt gtttactctg atggtggtcc taaacttact tacagtgaac 2580. 

tgatgaactt tgaaacttgc gcacttagag agacaactta tccctgcagc atatttgagg 2640 

atcggcaccc atctactgtg gctatgacag tacttgttgt tgtcgagatg tttaatgctc 27 00 

taaataacct cagcgaaaat caatcccttc tggttataac cccaaggagt aacttatggc 27 60 

ttgttggttc aattatcctg acgatgcttc tgcacgtgct aatattatat gttcatccac 2820 

tggcagtctt atgtgctgtc acgccattat cctgggccga gtggactgct gttctgtatc 28 80 
tttcgtttcc agttatcatc atcgatgagc ttctgaagtt cctctctaga aatacaggca 2940 



WO 02/33405 



PCTYTB01/02391 



tgagattcag 


gttcagattg 


aggaaggctg 


atttactccc 


caaggaccgg 


cgtgacaagt 


3000 


aggggcccta 


ttctatagtg 


tcacctaaat 


gctagagctc 


gctgatcagc 


ctcgactgtg 


3060 


ccttctagtt 


gccagccatc 


tgttgtttgc 


ccctcccccg 


tgccttcctt 


gaccctggaa 


3120 


ggtgccactc 


ccactgtcct 


ttcctaataa 


aatgaggaaa 


ttgcatcgca 


ttgtctgagt 


3180 


aggtgtcatt 


ctattctggg 


gggtggggtg 


gggcaggaca 


gcaaggggga 


ggattgggaa 


3240 


gacaatagca 


ggcatgctgg 


ggatgcggtg 


ggctctatgg 


cttctgaggc 


ggaaagaacc 


3300 


agctggggct 


ctagggggta 


tccccacgcg 


ccctgtagcg 


gcgcattaag 


cgcggcgggt 


3360 


gtggtggtta 


cgcgcagcgt 


gaccgctaca 


cttgccagcg 


ccctagcgcc 


cgctcctttc 


3420 


gctttcttcc 


cttcctttct 


cgccacgttc 


gccggctttc 


cccgtcaagc 


tctaaatcgg 


3480 


ggcatccctt 


tagggttccg 


atttagtgct 


ttacggcacc 


tcgaccccaa 


aaaacttgat 


3540 


tagggtgatg 


gttcacgtag 


tgggccatcg 


ccctgataga 


cggtttttcg 


ccctttgacg 


3600 


ttggagtcca 


cgttctttaa 


tagtggactc 


ttgttccaaa 


ctggaacaac 


actcaaccct 


3660 


atctcggtct 


attcttttga 


tttataaggg 


attttgggga 


tttcggccta 


ttggttaaaa 


3720 


aatgagctga 


tttaacaaaa 


atttaacgcg 


aattaattct 


gtggaatgtg 


tgtcagttag 


3780 


ggtgtggaaa 


gtccccaggc 


t'ccccaggca 


ggcagaagta 


tgcaaagcat 


gcatctcaat 


3840 


tagtcagcaa 


ccaggtgtgg 


aaagtcccca 


ggctccccag 


caggcagaag 


tatgcaaagc 


' 3900 


atgcatctca 


attagtcagc 


aaccatagtc 


ccgcccctaa 


ctccgcccat 


cccgccccta 


3960 


actccgccca 


gttccgccca 


ttctccgccc 


catggctgac 


taattttttt 


tatttatgca 


, 4020 


gaggccgagg 


ccgcctctgc 


ctctgagcta 


ttccagaagt 


agtgaggagg 


cttttttgga 


4080 


ggcctaggct 


tttgcaaaaa 


gctcccggga 


gcttgtatat 


ccattttcgg 


atctgatcaa 


4140 


gagacaggat 


gaggatcgtt 


tcgcatgatt 


gaacaagatg 


gattgcacgc 


aggttctccg 


4200 


gccgcttggg 


tggagaggct 


attcggctat 


gactgggcac 


aacagacaat 


cggctgctct 


4260 


gatgccgccg 


tgttccggct 


gtcagcgcag 


gggcgcccgg 


ttctttttgt 


caagaccgac 


4320 


ctgtccggtg 


ccctgaatga 


actgcaggac 


gaggcagcgc 


ggctatcgtg 


gctggccacg 


4380 


acgggcgttc 


cttgcgcagc 


tgtgctcgac 


gttgtcactg 


aagcgggaag 


ggactggctg 


4440 


ctattgggcg 


aagtgccggg 


gcaggatctc 


ctgtcatctc 


accttgctcc 


tgccgagaaa 


4500 


gtatccatca 


tggctgatgc 


aatgcggcgg 


ctgcatacgc 


ttgatccggc 


tacctgccca 


4560 


ttcgaccacc 


aagcgaaaca 


tcgcatcgag 


cgagcacgta 


ctcggatgga 


agccggtctt 


4620 


gtcgatcagg 


atgatctgga 


cgaagagcat 


caggggctcg 


cgccagccga 


actgttcgcc 


4680 
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aggctcaagg cgcgcatgcc cgacggcgag gatctcgtcg tgacccatgg cgatgcctgc 4740 

ttgccgaata tcatggtgga aaatggccgc ttttctggat tcatcgactg tggccggctg 4 800 

ggtgtggcgg accgctatca ggacatagcg ttggctaccc gtgatattgc tgaagagctt 4 860 

ggcggcgaat gggctgaccg cttcctcgtg ctttacggta tcgccgctcc cgattcgcag 4 920 

cgcatcgcct tctatcgcct tcttgacgag ttcttctgag cgggactctg gggttcgaaa 4 980 

tgaccgacca agcgacgccc aacctgccat cacgagattt cgattccacc gccgccttct 5040 

atgaaaggtt gggcttcgga atcgttttcc gggacgccgg ctggatgatc ctccagcgcg '5100 

gggatctcat gctggagttc ttcgcccacc ccaacttgtt tattgcagct tataatggtt 5160 

acaaataaag caatagcatc acaaatttca caaataaagc atttttttca ctgcattcta 5220 

gttgtggttt gtccaaactc atcaatgtat cttatcatgt ctgtataccg tcgacctcta 5280 

gctagagctt ggcgtaatca tggtcatagc tgtttcctgt gtgaaattgt tatccgctca 5340 

caattccaca caacatacga gccggaagca taaagtgtaa agcctggggt gcctaatgag 5400 

tgagctaact cacattaatt gcgttgcgct cactgcccgc tttccagtcg ggaaacctgt 5460 

cgtgccagct gcattaatga atcggccaac gcgcggggag aggcggtttg cgtattgggc 5520 

gctcttccgc ttcctcgctc actgactcgc tgcgctcggt cgttcggctg cggcgagcgg 5580 

tatcagctca ctcaaaggcg gtaatacggt tatccacaga atcaggggat aacgcaggaa 5 640 

agaacatgtg agcaaaaggc cagcaaaagg ccaggaaccg taaaaaggcc gcgttgctgg 5700 

cgtttttcca taggctccgc ccccctgacg agcatcacaa aaatcgacgc tcaagtcaga 5760 

ggtggcgaaa cccgacagga ctataaagat accaggcgtt tccccctgga agctccctcg 5820 

tgcgctctcc tgttccgacc ctgccgctta ccggatacct gtccgccttt ctcccttcgg 5880 

gaagcgtggc gctttctcaa tgctcacgct gtaggtatct cagttcggtg taggtcgttc 5940 

gctccaagct gggctgtgtg cacgaacccc ccgttcagcc cgaccgctgc gccttatccg 6000 

gtaactatcg tcttgagtcc aacccggtaa gacacgactt atcgccactg gcagcagcca 6060 

ctggtaacag gattagcaga gcgaggtatg taggcggtgc tacagagttc ttgaagtggt 6120 

ggcctaacta cggctacact agaaggacag tatttggtat ctgcgctctg ctgaagccag 6180 

ttaccttcgg aaaaagagtt ggtagctctt gatccggcaa acaaaccacc gctggtagcg 6240 

gtggtttttt tgtttgcaag cagcagatta cgcgcagaaa aaaaggatct caagaagatc 6300 

ctttgatctt ttctacgggg tctgacgctc agtggaacga aaactcacgt taagggattt 6360 
tggtcatgag attatcaaaa aggatcttca cctagatcct tttaaattaa aaatgaagtt . 6420 

ttaaatcaat ctaaagtata tatgagtaaa cttggtctga cagttaccaa tgcttaatca 6480 
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gtgaggcacc tatctcagcg atctgtctat ttcgttcatc catagttgcc tgactccccg 6540 

tcgtgtagat aactacgata cgggagggct taccatctgg ccccagtgct gcaatgatac 6600 

cgcgagaccc acgctcaccg gctccagatt tatcagcaat aaaccagcca gccggaaggg 6660 

ccgagcgcag aagtggtcct gcaactttat ccgcctccat ccagtctatt aattgttgcc 6720 

gggaagctag agtaagtagt tcgccagtta atagtttgcg. caacgttgtt gccattgcta 6780 

caggcatcgt ggtgtcacgc tcgtcgtttg gtatggcttc attcagctcc ggttcccaac 6840 

gatcaaggcg agttacatga tcccccatgt tgtgcaaaaa agcggttagc tccttcggtc 6900 

ctccgatcgt tgtcagaagt aagttggccg cagtgttatc actcatggtt atggcagcac 6960 

tgcataattc tcttactgtc atgccatccg taagatgctt ttctgtgact ggtgagtact 7020 

caaccaagtc attctgagaa tagtgtatgc ggcgaccgag ttgctcttgc ccggcgtcaa 7080 

tacgggataa taccgcgcca catagcagaa ctttaaaagt gctcatcatt ggaaaacgtt 7140 

cttcggggcg aaaactctca aggatcttac cgctgttgag atccagttcg atgtaaccca 7200 

ctcgtgcacc caactgatct tcagcatctt ttactttcac cagcgtttct gggtgagcaa 7260 

aaacaggaag gcaaaatgcc gcaaaaaagg gaataagggc gacacggaaa tgttgaatac 7320 

tcatactctt cctttttcaa tattattgaa gcatttatca gggttattgt ctcatgagcg 7380 

gatacatatt tgaatgtatt tagaaaaata aacaaatagg ggttccgcgc acatttcccc 7440 

gaaaagtgcc acctgacgtc gacggatcgg gagatctccc gatcccctat ggtcgactct 7500 

cagtacaatc tgctctgatg ccgcatagtt aagccagtat ctgctccctg cttgtgtgtt 7560 

ggaggtcgct gagtagtgcg cgagcaaaat ttaagctaca acaaggcaag gcttgaccga 7 620 

caattgcatg aagaatctgc ttagggttag gcgttttgcg ctgcttcgcg atgtacgggc 7 680 

cagatatacg cgttgacatt gattattgac tagttattaa tagtaatcaa ttacggggtc 7740 

attagttcat agcccatata tggagttccg cgttacataa cttacggtaa atggcccgcc 7800 

tggctgaccg cccaacgacc cccgcccatt gacgtcaata atgacgtatg ttcccatagt 7 8 60 

aacgccaata gggactttcc attgacgtca atgggtggac tatttacggt aaactgccca 7 920 

cttggcagta catcaagtgt atcatatgcc aagtacgccc cctattgacg tcaatgacgg 7 980 
taaatggccc gcctggcatt atgcccagta catgacctta tgggactttc ctacttggca 
gtacatctac gtattagtca tcgctattac catggtgatg cggttttggc agtacatcaa 

tgggcgtgga tagcggtttg actcacgggg atttccaagt ctccacccca ttgacgtcaa 8160 

tgggagtttg ttttggcacc aaaatcaacg ggactttcca aaatgtcgta acaactccgc 8220 



8040 
8100 
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cccattgacg caaatgggcg gtaggcgtgt acggtgggag gtctatataa gcagagctct 8280 
ctggctaact agagaaccca ctgcttactg gcttatcgaa attaatacga ctcactatag 8340 
ggagacccaa gcttggtacc gagctcg 8367 

<210> 2 
<211> 8373 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> pcDNA3 containing Heliothis SERCA cDNA 
<400> 2 

aatagtgtat gcggcgaccg agttgctctt gcccggcgtc aatacgggat aataccgcgc 60 
cacatagcag aactttaaaa gtgctcatca ttggaaaacg ttcttcgggg cgaaaactct 120 
caaggatctt accgctgttg agatccagtt cgatgtaacc cactcgtgca cccaactgat 
cttcagcatc ttttactttc accagcgttt ctgggtgagc aaaaacagga aggcaaaatg 
ccgcaaaaaa gggaataagg gcgacacgga aatgttgaat actcatactc" ttcctttttc 
aatattattg aagcatttat cagggttatt gtctcatgag cggatacata tttgaatgta 360. 
tttagaaaaa taaacaaata ggggttccgc gcacatttcc ccgaaaagtg ccacctgacg 
tcgacggatc gggagatctc ccgatcccct atggtcgact ctcagtacaa tctgctctga 
tgccgcatag ttaagccagt atctgctccc tgcttgtgtg ttggaggtcg ctgagtagtg 540 
cgcgagcaaa atttaagcta caacaaggca aggcttgacc gacaattgca tgaagaatct 
gcttagggtt aggcgttttg cgctgcttcg cgatgtacgg gccagatata cgcgttgaca 



180 
240 
300 



420 
480 



600 
660 



ttgattattg actagttatt aatagtaatc aattacgggg tcattagttc atagcccata 720 



780 
840 
900 
960 



tatggagttc cgcgttacat aacttacggt aaatggcccg cctggctgac cgcccaacga 
cccccgccca ttgacgtcaa taatgacgta tgttcccata gtaacgccaa tagggacttt 
ccattgacgt caatgggtgg actatttacg gtaaactgcc cacttggcag tacatcaagt 
gtatcatatg ccaagtacgc cccctattga cgtcaatgac ggtaaatggc ccgcctggca 
ttatgcccag tacatgacct tatgggactt tcctacttgg cagtacatct acgtattagt 1020 
catcgctatt accatggtga tgcggttttg gcagtacatc aatgggcgtg gatagcggtt 1080 
tgactcacgg ggatttccaa gtctccaccc cattgacgtc aatgggagtt tgttttggca 1140 
ccaaaatcaa cgggactttc caaaatgtcg taacaactcc gccccattga cgcaaatggg 1200 
cggtaggcgt gtacggtggg aggtctatat aagcagagct ctctggctaa ctagagaacc 1260 
cactgcttac tggcttatcg aaattaatac gactcactat agggagaccc aagcttggta 1320 
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ccgagctcgg 


atccatggag gacgctcact 


cgaaatccgt 


ggatgaagtc 


ttagggtact 


1 JtJU 


tcggtacaga 


cccagacaaa ggccttagtg 


cagaccaagt 


aaaaaggaac 


caagataaat 


1 A A C\ 

14 40 


atgggccaaa 


tgaactgcct gcggaggagg 


gcaaaagtat 


atggcagtta 


gtcctggaac 


JLDUU 


aattcgatga 


cctcttagta aagattttgc 


tgttagccgc 


tatrat ttca 


tucgttrtag 


ID oU 


ctttatttga 


agaacacgaa gacgcattct 


ccgccttcgt 


agagcctt zz 


J . i_ J_ +_ A , _ 

guuat tutac 


X b<£0 


ttattcttat 


tgctaacgct gtagtaggag 


tatggcagga 


aagaaatgcc 


gaatccgcca 


looU 


tcgaagcttt 


aaaagaatac gaacccgaaa 


tgggtaaagt 


aatcagagga 


gacaaatccg 


i 7 A n 


gtgtacagaa 


aatccgagcc aaagaaatcg 


tacccggtga 


tgtcgtggag 


gtgtcagtcg 


t q n n 


gtgacaaaat 


ccccgctgac atccgtctta 


ttaagattta 


ctccaccacc 


atccgtattg 


lo bu 


atcagtccat 


cttgaccgga gagtcagtct 


ccgtcatcaa 


gcacacagac 


cccattcccg 


19z0 


acccccgcgc 


cgtcaaccag gacaaaaaga 


acattctctt 


ctccggtacc 


aatgtcgccg 


noon 


ccggcaaggc 


ccgtggtatt gtcatcggaa 


ctggtctcaa 


cactgccatt 


ggtaaaatcc 


2U40 


gtactgaaat 


gtccgagact gaggagatca 


agacacctct 


gcagcaaaaa 


ctggacgaat 


2100 


tcggtgagca 


gttgtctaag gtcatctcag 


ttatttgcgt 


tgccgtatgg 


gccatcaaca 


2±b0 


tcggacactt 


caacgacccc gcccacggtg 


gaagctggat 


caagggtgcc 


gtctactacL 


2220 


tcaaaatcgc 


tgtcgccctg gccgtcgctg 


ccatccccga 


aggtctcccc 


gctgtcatca 


o o o n 


ccacttgtct 


cgctctcggt accaggcgta 


tggctaagaa 


gaacgctatc 


gtgaggtcgc 


2340 


tgccctctgt 


agagaccctc ggttgcactt 


ctgtcatctg 


ctccgacaag 


accggtactc 


2400 


tgaccaccaa 


ccagatgtct gtttcccgta 


tgttcatctt 


tgagaagatc 


gaaggtggcg 


2 4 bu 


acagcagctt 


ccttgaattt gaaattactg 


gttccaccta 


cgagcctatt 


ggtgatgtct 


2D20 


acctgaaggg 


acagaagatc aaggctgctg 


aattcgatgc 


tctgcacgaa 


cttggtacca 


ocon 
ZDoU 


tttgcgttat 


gtgcaatgac tccgctattg 


atttcaacga 


attcaaacag 


gcgttcgaaa 


<£O40 


aggtcggtga 


agccactgaa acggctctta 


tcgtactcgc 


tgagaaaatg 


aaccccttca 


^ f uu 


acgttcccaa 


gactggactt gaccgtcgct 


cctgcgctat 


cgttgtccgc 


caagagattg 


2760 


aaaccaaatg 


gaagaaagag ttcactcttg 


agttctcccg 


tgacaggaaa 


tccatgtcca 


2820 


cctactgcac 


accccttaag ccttcccgtc 


ttggcaatgg 


acccaaactg 


ttcgtcaagg 


2880 


gtgcacctga 


aggtgtgctt gaacgttgca 


cgcacgctcg 


tgtcggaact 


gccaaagtac 


2940 


ctttgaactc 


gaccctcaag aaccgcatcc 


tggacctcac 


ccgccaatac 


ggtaccggtc 


3000 


gtgacaccct 


tcgttgcttg gccctcgcta 


ccgctgacag 


cccactcaaa 


cctgacgaaa 


3060 
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tggacctcgg 


agactcgacc 


aagttctaca 


cctatgaagt 


caaccttaca 


ttcgtcggtg 


3120 


tcgtcggcat 


gttggaccct 


ccccgtaaag 


aagtattcga 


ctctatcgtc 


cgttgccgcg 


3180 


ctgctggtat 


ccgtgtaatt 


gtcatcactg 


gtgacaacaa 


ggccaccgct 


gaagctatct 


3240 


gcaggcgtat 


tggcgtgttc 


actgaagaag 


aagacaccac 


cggcaaatcg 


ttctctggtc 


3300 


gcgagttcga 


cgacctgccc 


gtgtcggaac 


agcgcgccgc 


ttgcgctaag 


gctcgcctgt 


3360 


tctcccgcgt 


ggaacccgcc 


cacaagtcca 


agattgttga 


gttcctgcaa 


agcatgaacg 


3420 


agatctctgc 


tatgactggt 


gacggtgtaa 


atgacgcccc 


cgctctgaag 


aaggccgaaa 


3480 


tcggtattgc 


tatgggctct 


ggtaccgctg 


tcgctaagtc 


tgccgccgag 


atggtgttgg 


3540 


ctgatgacaa 


cttctcatcc 


attgtcgccg 


ctgttgagga 


aggtcgtgcc 


atctacaaca 


3600 


acatgaagca 


gttcatccgt 


tacctgatct 


cctccaacat 


tggtgaagtc 


gtgtccatct 


3660 


tcttgactgc 


cgctctgggt 


ctccccgaag 


ctctgatccc 


cgtccaactg 


ttgtgggtca 


3720 


acttggtcac 


tgacggtctg 


cccgccaccg 


ccctcggctt 


caacccccct 


gatctcgaca 


3780 


tcatggacaa 


gcccccccgt 


aaggctgatg 


agggtctcat 


ctctggatgg 


ctgttcttca 


.38 40 


ggtacatggc 


tatcggtggt 


tacgtcggtg 


6cgctaccgt 


cggagccgcg 


tcgtggtggt 


3900 


t.catgtactc 


tcctttcgga 


ccccagatgt 


cttactggca 


gctcacccac 


cacttacagt 


3960 


gcctcagcgg 


aggtgatgaa 


ttcaagggca 


tcgactgcaa 


gatcttcact 


gaccctcacc 


4020 


ctatgacaat 


ggccctgtcc 


gtattagtaa 


caattgaaat 


gttgaacgcc 


atgaacagtt 


4080 


tgtctgagaa 


ccagtcgctg 


gtgaccatgc 


cgccctggtc 


caacatgtgg 


ctcgtcggct 


4140 


ccatggccct 


ctccttcact 


ctccacttcg 


tcatcctcta 


cgttgaggtc 


ctgtcggccg 


4200 


tgttccaagt 


gacgccgctg 


tccatcgacg 


agtgggtgac 


ggtgatgaag 


ttctcgatac 


4260 


ccgtggtgtt 


gctggacgag 


gtgctgaagt 


tcgtcgcgcg 


caagatctcg 


gacgcccagc 


4320 


cgacgtggaa 


gctgtaaggg 


ccctattcta 


tagtgtcacc 


taaatgctag 


agctcgctga 


4380 


tcagcctcga 


ctgtgccttc 


tagttgccag 


ccatctgttg 


tttgcccctc 


ccccgtgcct 


4440 


tccttgaccc 


tggaaggtgc 


cactcccact 


gtcctttcct 


aataaaatga 


ggaaattgca 


4500. 


tcgcattgtc 


tgagtaggtg 


tcattctatt 


ctggggggtg 


gggtggggca 


ggacagcaag 


4560 


ggggaggatt 


gggaagacaa 


tagcaggcat 


gctggggatg 


cggtgggctc 


tatggcttct 


4620 


gaggcggaaa 


gaaccagctg 


gggctctagg 


gggtatcccc 


acgcgccctg 


tagcggcgca 


4680 


ttaagcgcgg 


cgggtgtggt 


ggttacgcgc 


agcgtgaccg 


ctacacttgc 


cagcgcccta 


4740 


gcgcccgctc 


ctttcgcttt 


cttcccttcc 


tttctcgcca 


cgttcgccgg 


ctttccccgt 


4800 


caagctctaa 


atcggggcat 


ccctttaggg 


ttccgattta 


gtgctttacg 


gcacctcgac 


4860 
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+• t era t t acrcra 
l uy aLuayyy 


taataattca 


cataLTtaaac 

L.y LoyLyyy^- 


catcgccctg 


atagaeggtt 


4 920 


t 1 t c rr c c c T t 

L L L w y C V* O \„ L 


4- rra prrt 1" crcra 

L y Guy ^^33 


ctccaccrttc 


tttaatagtg 


gactcttgtt 


ccaaactgga 


4980 




a foftatphp 


crcrtct attct 


tttgatttat 


aagggatttt 


ggggatttcg 


5040 


rrppt a t" t* rrnt 

y to l Ly y l 


4- a a aaa a 4- rra 


actaatttaa 


caaaaattta 


aegegaatta 


attctgtgga 


5100 


a 4- of" rrt" rrt r* A 
a Ly Ly uy llo 


rrt" 1" a ncicrt" fit 
y l Loyyy uy l 


nciaaacrtccc 

w y d t* u y « « 


caggctcccc 


aggcaggcag ' 


aagtatgcaa 


5160 


anra t* rrpa t p 


LLiOQ l Lay LO 


y V** W w W L-L *j 


tataaaaacrt 


ccccaggctc 


cccagcaggc 


5220 


dyday LaLy^ 


dday Ld uy 


t*r*1~ca attaGr 

L ^ U\j u U L. t wi \j 


tcagcaacca 


tagtcccgcc 


cctaactccg 


5280 


L> L> L a LLLLy iw 


rrr^aartrr 

< — L.U LaCHj !- 1 — L< 


geccagtt cc 


gcccattctc 


cgccccatgg ctgactaatt 


5340 


4-ttt ttattt 


a +■ rrpa rra cine 
d Lyv-ciyciyyv- 


L* ^ O M M ^ ^ ?3 ^— ' w 


tctgcctctg 


agctattcca 


gaagtagtga 


5400, 


yyayyLL l u l 


4- 4- rrrra rrrrppi" 
l Ly yay y l.l. l 


aoocttttac 

UH H Vp-» L, L_ V* L- \j w 


aaaaagct cc 


egggagcttg 


tatatccatt 


5460 


L L L»y yaLLLy 


ahpaarracrac 


aaaataaciQa 

ay ^-j <-* v-. u w-L %j i^l 


tegtttcgea 


tgattgaaca 


agatggattg 


5520 


y-^ — > /— i .-y j"i rr 4~ 4~ 

CdCyCdggL c 


CLL.cyyoL.yv_ 


t" "t* n n rrt/ rr n a or 


acrcfct att ca 


gctatgactg 


ggcacaacag 


5580 


^ ^ 4" /-i n 4~ 

dCddtcgyuL 


4~ r< 4~ rra t~ rr r* 
yLLL LLjclLyL. 


L>yvLy Ly l. *— v- 


pcrcrctcrtcaa 


cgcaggggcg 


cccggttctt 


5640 


4» 4~ 4- /*t "3 /"m 

It LytCdGgd 


i-i rr a ^ i"* 4~ n \ m 

CCyaCCLyLL. 


,TTrrt" rrrT' c f~ n 
Ly y Lyu^LLy 


a a tcraactcrc 


aggacgaggc 


agegeggcta 


5700 


tcy LyyCLyy 


r*a pna f^rrrrrr 
LLauydoyyy 


r* n 1" t* r* c 1" t Cf P 

L«y u luul Ly u 


rrcacrctcrt crc 


tcgacgttgt 


cactgaagcg 


5760 


#-t #~r --j — 1 r~ r r~1 f~1 :2 f"» 4"~ 

ggdaygydLi. 


/ -f rT r->4-ri/->t~a4~4- 
yy LLyLLdt l 


rTrrrrorTa arrf" rr 

y y y y y y 




at pt pptcrtc 

aLLuK.LLlj 


atct cacctt 


5820 


+- r>/^4~ ri t~> c n 

yCtCCLyCuy 


a rra a a rrt* a ir 
el y addy LaLL 


pafna 4- nCini" 


era tcrca at crc 


ggeggctgea 


tacgettgat 


5880 


CCyyCtaCCt 


yuLLd LL^y d 


L.LraL^L>a.ciy l. y 


aaacat ccrca 


tegagegage 


aegtactegg 


5940 


auyy aag CCg 


/-t4- r-«4-4-/-T'f-r ,, rTa 

y LUtLyuuyo 


fpa or rra "t - rra i" 
LLayyauy ol 


ptcrcracaaaa 

L Ly y oL«y way 


agcatcaggg 


gctcgcgcca 


6000 


yCCydaCL y X. 


4- prfpna rrn P t" 
l oyLLdyyu l 


LOuwy Ly l^l 


at crccccraccr 


gegaggatet 


cgtcgtgacc 


6060 


LdLyyLydty 


l*l» LyuL tyLL 


rra a tat cat cj 


gtggaaaatg 


gccgcttttc 


tggattcatc 


6120 


yauLy tyyoo 


/Trrr*t rrrrrft rrt 
yyn.yyy Ly l 


o cr c a a a. c coc 


t at caggaca 


tagcgttggc 


taccegtgat 


6180 


a l uyt-uyddy 


a rrr"t" 4- rrrrprrrr 
ayuLLyyL<yy 


p rra at aaoct 

LyaaLyyyv^L 


caccacttcc 


tegtgettta 


cggtatcgcc 


6240 


gctcccgatt 


cgcagcgcat 


cgccttctat 


cgccttcttg 


acgagttctt 


ctgagcggga 


conn 


ctctggggtt 


cgaaatgacc 


gaecaagega 


cgcccaacct 


gccatcacga 


gatttcgatt 


6360 


ccaccgccgc 


cttctatgaa 


aggttgggct 


teggaategt 


tttcegggae 


gccggctgga 


6420 


tgatcctcca 


gegeggggat 


etcatgetgg 


agttcttcgc 


ccaccccaac 


ttgtttattg 


6480 


cagcttataa 


tggttacaaa 


taaag.caata 


gcatcacaaa 


tttcacaaat 


aaagcatttt 


6540 


tttcactgca 


ttctagttgt 


ggtttgtcca 


aactcatcaa 


tgtatcttat 


catgtctgta 


6600 
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taccgtcgac 


ctctagctag 


agcttggcgt 


aatcatggtc 


atagctgttt 


cctgtgtgaa 


6660 


attgttatcc 


gctcacaatt 


ccacacaaca 


tacgagccgg 


aagcataaag 


tgtaaagcct 


6720 


ggggtgccta 


atgagtgagc 


taactcacat 


taattgcgtt 


gcgctcactg 


cccgctttcc 


6780 


agtcgggaaa 


cctgtcgtgc cagctgcatt 


aatgaatcgg 


ccaacgcgcg 


gggagaggcg 


6840 


gtttgcgtat 


tgggcgctct 


tccgcttcct 


cgctcactga 


ctcgctgcgc 


tcggtcgttc 


6900 


ggctgcggcg 


agcggtatca gctcactcaa 


aggcggtaat 


acggttatcc 


acagaatcag 


6960 


gggataacgc 


aggaaagaac 


atgtgagcaa 


aaggccagca 


aaaggccagg 


aaccgtaaaa 


7020 


aggccgcgtt 


gctggcgttt ttccataggc 


tccgcccccc 


tgacgagcat 


cacaaaaatc 


7080 


gacgctcaag 


tcagaggtgg cgaaacccga 


caggactata 


aagataccag 


gcgtttcccc 


7140 


ctggaagctc 


cctcgtgcgc 


tctcctgttc 


cgaccctgcc 


gcttaccgga 


tacctgtccg 


7200 


cctttctccc 


ttcgggaagc gtggcgcttt 


ctcaatgctc 


acgctgtagg 


tatctcagtt 


7260 


cggtgtaggt 


cgttcgctcc 


aagctgggct 


gtgtgcacga 


accccccgtt 


cagcccgacc 


7320 


gctgcgcctt 


atccggtaac 


tatcgtcttg 


agtccaaccc 


ggtaagacac 


gacttatcgc 


7380 


cactggcagc 


agccactggt 


aacaggatta 


gcagagcgag 


gtatgtaggc 


ggtgctacag 


7440 


agttcttgaa 


gtggtggcct aactacggct 


acactagaag 


gacagtattt 


ggtatctgcg 


7500 


ctctgctgaa 


gccagttacc ttcggaaaaa 


gagttggtag 


ctcttgatcc 


ggcaaacaaa 


7560 


ccaccgctgg 


tagcggtggt 


ttttttgttt 


gcaagcagca 


gattacgcgc 


agaaaaaaag 


. 7620 


gatctcaaga 


agatcctttg 


atcttttcta 


cggggtctga 


cgctcagtgg 


aacgaaaact 


7680 


cacgttaagg 


gattttggtc 


atgagattat 


caaaaaggat 


cttcacctag 


atccttttaa 


7740 


attaaaaatg 


aagttttaaa 


tcaatctaaa 


gtatatatga 


gtaaacttgg 


tctgacagtt 


7800 


accaatgctt 


aatcagtgag 


gcacctatct 


cagcgatctg 


tctatttcgt 


tcatccatag 


7860 


ttgcctgact 


ccccgtcgtg 


tagataacta 


cgatacggga 


gggcttacca 


tctggcccca 


7920 


gtgctgcaat 


gataccgcga 


gacccacgct 


caccggctcc 


agatttatca 


gcaataaacc 


7980 


agccagccgg 


aagggccgag 


cgcagaagtg 


gtcctgcaac 


tttatccgcc 


tccatccagt 


8040 


ctattaattg 


ttgccgggaa 


gctagagtaa 


gtagttcgcc 


agttaatagt 


ttgcgcaacg 


8100 


ttgttgccat 


tgctacaggc 


atcgtggtgt 


cacgctcgtc 


gtttggtatg 


gcttcattca 


8160 


gctccggttc 


ccaacgatca 


aggcgagtta 


catgatcccc 


catgttgtgc 


aaaaaagcgg 


8220 


ttagctcctt 


cggtcctccg 


atcgttgtca 


gaagtaagtt 


ggccgcagtg 


ttatcactca 


8280 


tggttatggc 


agcactgcat 


aattctctta 


ctgtcatgcc 


atccgtaaga 


tgcttttctg 


8340 


tgactggtga 


gtactcaacc 


aagtcattct 


gag 






8373 



WO 02/33405 



PCT7TB01/02391 



11 



<210> 3 
<211> 11444 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> Heliothis SERCA cDNA cloned in pDW2600 
<400> 3 

cgcgccatgg agga'cgctca ctcgaaatcc gtggatgaag tcttagggta cttcggtaca 60 

gacccagaca aaggccttag tgcagaccaa gtaaaaagga accaagataa atatgggcca 120 

aatgaactgc ctgcggagga gggcaaaagt atatggcagt tagtcctgga acaattcgat 180 

gacctcttag taaagatttt gctgttagcc gctattattt cattcgtttt agctttattt 240 

gaagaacacg aagacgcatt ctccgccttc gtagagcctt ttgttatttt acttattctt 300 - 

attgctaacg ctgtagtagg agtatggcag gaaagaaatg ccgaatccgc catcgaagct 360 

ttaaaagaat acgaacccga aatgggtaaa gtaatcagag gagacaaatc cggtgtacag 420 

aaaatccgag ccaaagaaat cgtacccggt gatgtcgtgg aggtgtcagt cggtgacaaa 480 

atccccgctg acatccgtct tattaagatt tactccacca ccatccgtat tgatcagtcc 540 

atcttgaccg gagagtcagt ctccgtcatc aagcacacag accccattcc cgacccccgc 600 

gccgtcaacc aggacaaaaa gaacattctc ttctccggta ccaatgtcgc cgccggcaag 660 

gcccgtggta ttgtcatcgg aactggtctc aacactgcca ttggtaaaat ccgtactgaa 720 

atgtccgaga ctgaggagat caagacacct ctgcagcaaa aactggacga attcggtgag 780 

cagttgtcta aggtcatctc agttatttgc gttgccgtat gggccatcaa catcggacac 840 

ttcaacgacc ccgcccacgg tggaagctgg atcaagggtg ccgtctacta cttcaaaatc 900 

gctgtcgccc tggccgtcgc tgccatcccc gaaggtctcc ccgctgtcat caccacttgt 960 

ctcgctctcg gtaccaggcg tatggctaag aagaacgcta tcgtgaggtc gctgccctct 1020 

gtagagaccc tcggttgcac ttctgtcatc tgctccgaca agaccggtac tctgaccacc 1080 

aaccagatgt ctgtttcccg tatgttcatc tttgagaaga tcgaaggtgg cgacagcagc 1140 

ttccttgaat ttgaaattac tggttccacc tacgagccta ttggtgatgt ctacctgaag 1200 

ggacagaaga tcaaggctgc tgaattcgat gctctgcacg aacttggtac catttgcgtt 1260 

atgtgcaatg actccgctat tgatttcaac gaattcaaac aggcgttcga aaaggtcggt 1320 

gaagccactg aaacggctct tatcgtactc gctgagaaaa tgaacccctt caacgttccc 1380 

aagactggac ttgaccgtcg ctcctgcgct atcgttgtcc gccaagagat tgaaaccaaa 1440 
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tggaagaaag agttcactct tgagttctcc cgtgacagga aatccatgtc cacctactgc 1500 

acacccctta agccttcccg tcttggcaat ggacccaaac tgttcgtcaa gggtgcacct 1560 

gaaggtgtgc ttgaacgttg cacgcacgct cgtgtcggaa ctgccaaagt acctttgaac 1620 

tcgaccctca agaaccgcat cctggacctc acccgccaat acggtaccgg tcgtgacacc 1680 

cttcgttgct tggccctcgc taccgctgac agcccactca aacctgacga aatggacctc 1740 

ggagactcga ccaagttcta cacctatgaa gtcaacctta cattcgtcgg tgtcgtcggc 1800 

atgttggacc ctccccgtaa agaagtattc gactctatcg tccgttgccg cgctgctggt 1860 

atccgtgtaa ttgtcatcac tggtgacaac aaggccaccg ctgaagctat ctgcaggcgt 1920 

attggcgtgt tcactgaaga agaagacacc accggcaaat cgttctctgg tcgcgagttc 1980 

gacgacctgc ccgtgtcgga acagcgcgcc gcttgcgcta aggctcgcct gttctcccgc 2040 

gtggaacccg cccacaagtc caagattgtt gagttcctgc aaagcatgaa cgagatctct 2100 

gctatgactg gtgacggtgt aaatgacgcc cccgctctga agaaggccga aatcggtatt 2160 

gctatgggct ctggtaccgc tgtcgctaag tctgccgccg agatggtgtt ggctgatgac 2220 

aacttctcat ccattgtcgc cgctgttgag gaaggtcgtg ccatctacaa caacatgaag 2280 

cagttcatcc gttacctgat ctcctccaac attggtgaag tcgtgtccat cttcttgact 2340 

gccgctctgg gtctccccga agctctgatc cccgtccaac tgttgtgggt caacttggtc 2400 

actgacggtc tgcccgccac cgccctcggc ttcaaccccc ctgatctcga catcatggac 24 60 

aagccccccc gtaaggctga tgagggtctc atctctggat ggctgttctt caggtacatg 2520 

gctatcggtg gttacgtcgg tgccgctacc gtcggagccg cgtcgtggtg gttcatgtac 2580 

tctcctttcg gaccccagat gtcttactgg cagctcaccc accacttaca gtgcctcagc 2640 

ggaggtgatg aattcaaggg catcgactgc aagatcttca ctgaccctca ccctatgaca 2700 

atggccctgt ccgtattagt aacaattgaa atgttgaacg ccatgaacag tttgtctgag 2760 

aaccagtcgc tggtgaccat gccgccctgg tccaacatgt ggctcgtcgg ctccatggcc 2820 

ctctccttca ctctccactt cgtcatcctc tacgttgagg tcctgtcggc cgtgttccaa 2880 

gtgacgccgc tgtccatcga cgagtgggtg acggtgatga agttctcgat acccgtggtg 2940 

ttgctggacg aggtgctgaa gttcgtcgcg cgcaagatct cggacgccca gccgacgtgg 3000 

aagctgtaag gccggccgag ctccgcatcg gccgctgtca tcagatcgcc atctcgcgcc 30 60 

cgtgcctctg acttctaagt ccaattactc ttcaacatcc ctacatgctc tttctccctg 3120 

tgctcccacc ccctattttt gttattatca aaaaaacttc ttcttaattt ctttgttttt 3180 

tagcttcttt taagtcacct ctaacaatga aattgtgtag attcaaaaat agaattaatt 3240 
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cgtaataaaa 


agtcgaaaaa 


aattgtgctc 


cctcccccca 


ttaataataa 


ttctatccca 


0 JUU 


aaatctacac 


aatgttctgt 


gtacacttct 


tatgtttttt 


ttacttctga 


taaatt tttt 




ttgaaacatc 


atagaaaaaa 


ccgcacacaa 


aataccttat 


catatgttac 


gtttcagttt 


3420 


atgaccgcaa 


tttttatttc 


ttcgcacgtc 


tgggcctctc 


atgacgtcaa 


atcatgctca 


3480 


tcgtgaaaaa 


gttttggagt 


atttttggaa 


tttttcaatc 


aagtgaaagt 


ttatgaaatt 


3540 


aattttcctg 


cttttgcttt 


ttgggggttt 


cccctattgt 


ttgtcaagag 


tttcgaggac 


3600 


ggcgtttttc 


ttgctaaaat 


cacaagtatt 


gatgagcacg 


atgcaagaaa 


gatcggaaga 


3660 


aggtttgggt 


ttgaggctca 


gtggaaggtg 


agtagaagtt 


gataatttga 


aagtggagta 


3720 


gtgtctatgg 


ggtttttgcc 


ttaaatgaca 


gaatacattc 


ccaatatacc 


aaacataact 


3 /o 0 


gtttcctact 


agtcggccgt 


acgggccctt 


tcgtctcgcg 


cgtttcggtg 


atgacggtga 


3840 


aaacctctga 


cacatgcagc 


tcccggagac 


ggtcacagct 


tgtctgtaag 


cggatgccgg 


3900 


gagcagacaa 


gcccgtcagg 


gcgcgtcagc 


gggtgttggc 


gggtgtcggg 


gctggcttaa 


3960 


ctatgcggca 


tcagagcaga 


ttgtactgag 


agtgcaccat 


atgcggtgtg 


aaataccgca 


4020 


cagatgcgta 


aggagaaaat 


accgcatcag 


gcggccttaa 


gggcctcgtg 


atacgcctat 


4 080 


ttttataggt 


taatgtcatg 


ataataatgg 


tttcttagac 


gtcaggtggc 


acttttcggg 


4140 


•gaaatgtgcg 


cggaacccct 


atttgtttat 


ttttctaaat 


acattcaaat 


atgtatccgc 


4200 


tcatgagaca 


ataaccctga 


taaatgcttc 


aataatattg 


aaaaaggaag 


agtatgagta 


4260 


ttcaacattt 


ccgtgtcgcc 


cttattccct 


tttttgcggc 


attttgcctt 


cctgtttttg 


4320 


ctcacccaga 


aacgctggtg 


aaagtaaaag 


atgctgaaga 


tcagttgggt 


gcacgagtgg 


4380 


gttacatcga 


actggatctc 


aacagcggta 


agatccttga 


gagttttcgc 


cccgaagaac 


44 4U 


gttttccaat 


gatgagcact 


tttaaagttc 


tgctatgtgg 


cgcggtatta 


tcccgtattg 


/I C C\ A 


acgccgggca 


agagcaactc 


ggtcgccgca 


tacactattc 


tcagaatgac 


ttggttgagt 


/I c c c\ 
4 o bU 


actcaccagt 


cacagaaaag 


catcttacgg 


atggcatgac 


agtaagagaa 


ttatgcagtg 


a con 


ctgccataac 


catgagtgat 


aacactgcgg 


ccaacttact 


tctgacaacg 


atcggaggac 


4680 


cgaaggagct 


aaccgctttt 


ttgcacaaca 


tgggggatca 


tgtaactcgc 


cttgatcgtt 


4740 


gggaaccgga 


gctgaatgaa 


gccataccaa 


acgacgagcg 


tgacaccacg 


atgcctgtag 


4800 


caatggcaac 


aacgttgcgc 


aaactattaa 


ctggcgaact 


acttactcta 


gcttcccggc 


4860 


aacaattaat 


agactggatg 


gaggcggata 


aagttgcagg 


accacttctg 


cgctcggccc 


4920 


ttccggctgg 


ctggtttatt 


gctgataaat 


ctggagccgg 


tgagcgtggg 


tctcgcggta 


4980 
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tcattgcagc 


actggggcca 


gatggtaagc 


cctcccgtat 


cgtagttatc 


tacacgacgg 


5040 


ggagtcaggc 


aactatggat 


gaacgaaata 


gacagatcgc 


tgagataggt 


gcctcactga 


5100 


ttaagcattg . 


gtaactgtca 


gaccaagttt 


actcatatat 


actttagatt 


gatttaaaac 


5160 


ttcattttta 


atttaaaagg 


atctaggtga 


agatcctttt 


tgataatctc 


atgaccaaaa 


5220 


tcccttaacg 


tgagttttcg 


ttccactgag 


cgtcagaccc 


cgtagaaaag 


atcaaaggat 


5280 


cttcttgaga 


tccttttttt 


ctgcgcgtaa 


tctgctgctt 


gcaaacaaaa 


aaaccaccgc 


5340 


taccagcggt 


ggtttgtttg 


ccggatcaag 


agctaccaac 


tctttttccg 


aaggtaactg 


5400 


gcttcagcag 


agcgcagata 


ccaaatactg 


tccttctagt 


gtagccgtag 


ttaggccacc 


5460 


acttcaagaa 


ctctgta'gca 


ccgcctacat 


acctcgctct 


gctaatcctg 


ttaccagtgg 


5520 


ctgctgccag 


tggcgataag 


tcgtgtctta 


ccgggttgga 


ctcaagacga 


tagttaccgg 


5580 


ataaggcgca 


gcggtcgggc 


tgaacggggg 


gttcgtgcac 


acagcccagc 


ttggagcgaa 


5640 


cgacctacac 


cgaactgaga 


tacctacagc 


gtgagcattg 


agaaagcgcc 


acgcttcccg 


5700 


aagggagaaa 


ggcggacagg 


tatccggtaa 


gcggcagggt 


cggaacagga 


gagcgcacga 


5760 


gggagcttcc 


agggggaaac 


gcctggtatc 


tttat'agtcc 


tgtcgggttt 


cgccacctct 


5820 


gacttgagcg 


tcgatttttg 


tgatgctcgt 


caggggggcg 


gagcctatgg 


aaaaacgcca 


5880 


gcaacgcggc 


ctttttacgg 


ttcctggcct 


tttgctggcc 


ttttgctcac 


atgttctttc 


5940 


ctgcgttatc 


ccctgattct 


gtggataacc 


gtattaccgc 


ctttgagtga 


gctgataccg 


6000 


ctcgccgcag 


ccgaacgacc 


gagcgcagcg 


agtcagtgag 


cgaggaagcg 


gaagagcgcc 


6060 


caatacgcaa 


accgcctctc 


cccgcgcgtt 


ggccgattca 


ttaatgcagc 


tggcacgaca 


6120 


ggtttcccga 


ctggaaagcg 


ggcagtgagc 


gcaacgcaat 


taatgtgagt 


tagctcactc 


6180 


attaggcacc 


ccaggcttta 


cactttatgc 


ttccggctcg 


tatgttgtgt 


ggaattgtga 


6240 


gcggataaca 


atttcacaca 


ggaaacagct 


atgaccatga 


ttacgccaag 


cttgcatgcc 


6300 


tgcaggtcga 


cttggttggc 


agctctctgg 


cttatctttt 


gagaggaaaa 


agatccaaca 


6360 


aatttttatc 


tcccttatcc 


ctttttctct 


tcatcactac 


caataataat 


agtttttttt 


6420 


ttcgtcgcgg 


aagcaaaatg 


gcgaacaagt 


gttggaataa 


gagtactcca 


gggatttaag 


6480 


ggctgaaagc 


cagtgattta 


tgagctccaa 


tttttcagat 


gttttttcct 


ccatcgcgta 


6540 


tttgtctaaa 


cattcgattt 


tcttcctgct 


tcccaacttt 


tcaaatcgaa 


ataaaagagc 


6600 


atctgtcgct 


ttttatcgat 


gtgcttctgt 


gagactaaag 


aactactcgt 


tttcactcgt 


6660 


tctctctctc 


tcaactatca 


aagttttgtt 


gattgcgtgt 


gtcagcttcc 


ttctttttat 


6720 


tatcatcttt 


tcattggagg 


aaaaaaataa 


cttctgaaga 


gcaaaagaac 


taacttcggg 


6780 



WO 02/33405 



PCT/TB01/02391 



15 



gaatacagag aaaattcctg taaaaatctg gaaatttttt cgcttaactc gaaatattta 6840 

gtttttcact gtgatttctg ggaaaaatca agaaatattt gcctaaaaca cgagttttca 6900 

catgaaaaat gaattattta ttgatttttt atggagatta caaaaaagac acacgtgaaa 6960 

ctactgctac cgtagttgtg taaacgtagt gttctctatt ttagacctgt ttaatgtatt 7020 

tttttgcagt tgaaaatttt taaaaatatt ttagttattt ttaaaaatat ttaatttaca 7080 

aaataattag cctgaaccca tgaaaagata cgttatattt aatttttacc gtaagacttt 7140 

caagatcgtt gcgagacccg gcgcctaggt caaagagcct ccctttaaac ccatcaacac 7200 

gttttgcctt tttcatcgat tttttgcagt tcttttcttc tttccaactg atttttcttc 7260 

atttttaaag tttttttcct catttttccc atttgaaatt atttaaacac gtgcaaccag 7320 

ctggtaacat gtgtcacatg ccgttatcta acttcaaaac agtacatttc cgatcacacg 7380 

tcccccgcgc cgagttttat agtttcatta ataacttttc ggtttttgat aatactaatt 7440 

gagttttatt aattgtttcc atattcatct agcactttga cctgtccttc ttcgaattct 7500 

caaatatttg cactctgggt ttaggtgtga aaagaattgt cgtcattaag cggggcatcc 7560 

ggggcaccga aaaaagccct ccgattttaa cgaatttgag ataaagttgg agagagagcc 7 620 

cagtgtttgc ttgcccaaga tatatatctt ggatttatca attactgttt gtcaacctgt 7 680 

cgccggcgcc ccctttttgc tcttgctccc acgccccgag attgaatttc aattttattt 7740 

cgaagtaagt ctcttgattg tttcgaaaat ccgatgacag ttttcattac ttttttgtct 7800 

gttgattttg tagggaaaca ttgaaatttt tctgatcttt ctttga'tctt atgatttttc 7860 

atttattcca attaaaaaaa attagcgcat tcagaaccag agtgaagctt gagatgttgt 7 920 
aggtttatca aaagatcaaa atctcgaatt ccttcgaaat gtttttagtt ttcgacttcc 
gtgtgatttc tagcgatcct gacagagatc actgaatttt aatgttatcg agattgttgt 
gtaggctcca tctcctctct gaagcttctg attttgccga aagtctagtt acttgccgac 

tgctgacact aggatatccc actaccgtac ccattgttgg atccgtactc tgctgcgact 8160 

tcttctctgt ttcacgtgaa cctccgggat cgtcggtaag ccccgcccgt tatctgtgcc 8220 

aacttgtctt cgtgccctcg agcgacgagc tcattcaatc acgccacgac ctccgtctgg 8280 

acagatgctc tcattgtctc tgcgtctcca agtattcgtc acactatctc atgcattcta 8340 

ttcaaaacgc gagagaaagc gcgggaacga gagagagttc agacagatcg aacttgtttt 8 400 

tatccccccc cccctcgtcc ggctgcagag caaaaaaata ctgcttttcc ttgcaaaatt 8460 

cggtgctttc ttcaaagaga aacttttgaa gtcggcgcga gcatttcctt ctttgacttc 8 520 



7980 
8040 
8100 
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tctctttccg ccaaaaagcc tagcattttt attgataatt tgattacaca cactcagagt 8580 

tcttcgacat gataaagtgt ttcattggca ctcgccctaa cagtacatga caagggcgga 864 0 

ttattatcga tcgatattga agacaaactc caaatgtgtg ctcattttgg agccccgtgt 8700 

ggggcagctg ctctcaatat attactaggg agacgaggag ggggacctta tcgaacgtcg 8760 

catgagccat tctttcttct ttatgcactc tcttcactct ctcacacatt aatcgattca 8820 

tagactccca tattccttga tgaaggtgtg ggtttttagc tttttttccc gatttgtaaa 8880 

aggaagaggc tgacgatgtt aggaaaaaga gaacggagcc gaaaaaacat ccgtagtaag 8 940 

tcttcctttt aagccgacac tttttagaca gcattcgccg ctagttttga agtttaaatt 9000 

ttaaaaaata aaaattagtt tcaatttttt ttaattacta aataggcaaa agttttttca- 9060 

agaactctag aaaaactagc ttaattcatg ggtactagaa aaattcttgt tttaaattta 9120 

atatttatct taagatgtaa ttacgagaag cttttttgaa aattctcaat taaaagaatt 9180 

tgccgattta gaataaaagt cttcagaaat gagtaaaagc tcaaattaga agtttgtttt 924 0 

taaaggaaaa acacgaaaaa agaacactat ttatcttttc ctccccgcgt aaaattagtt 9300 

gttgtgataa tagtgatccg ctgtctattt gcactcggct cttcacaccg tgcttcctct 9360 

cacttgaccc aacaggaaaa aaaaacatca cgtctgagac ggtgaattgc cttatcaaga 94 20 

gcgtcgtctc tttcacccag taacaaaaaa aatttggttt ctttacttta tatttatgta 9480 

ggtcacaaaa aaaaagtgat gcagttttgt gggtcggttg tctccacacc acctccgcct 9540 

ccagcagcac acaatcatct tcgtgtgttc tcgacgattc cttgtatgcc gcggtcgtga 9600 

atgcaccaca ttcgacgcgc aactacacac cacactcact ttcggtggta ttactacacg 9660 

tcatcgttgt tcgtagtctc ccgctctttc gtccccactc actcctcatt attccccttg 9720 

gtgtattgat tttttttaaa tggtacacca ctcctgacgt ttctaccttc ttgttttccg 9780 

tccatttaga ttttatctgg aaattttttt aaaattttag gccagagagt tctagttctt 9840 
gttctaaaag tctaggtcag acatacattt tctatttctc atcaaaaaaa aagttgataa . 9900 

agaaaactgg ttattcagaa agagtgtgtc tcgttgaaat tgattcaaaa aaaaattccc 9960 

acccctcgct tgtttctcaa aatatgagat caacggattt tttccttctc gattcaattt 10020 

tttgctgcgc tctgtctgcc aaagtgtgtg tgtccgagca aaagatgaga gaatttacaa 10080 

acagaaatga aaaaaagttg gccaaataat gaagttttat ccgagattga tgggaaagat 10140 

attaatgttc tttacggttt ggaggggaga gagagataga ttttcgcatc aaactccgcc 10200 

ttttacatgt cttttagaat ctaaaataga tttttctcat catttttaat agaaaatcga 10260 

gaaattacag taatttcgca attttcttgc caaaaataca cgaaatttgt gggtctcgcc 10320 
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1 noon 
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tcgtaaagag 


atgtttttat 




tttactttac 


accgggtcct 


ctctctctgc 


cagcacagct 


cagtgttggc 


tgtgtgctcg 


11160 


ggctcctgcc 


accggcggcc 


tcatcttctt 


cttcttcttc 


tctcctgctc 


tcgcttatca 


11220 


cttcttcatt 


cattcttatt 


ccttttcatc 


atcaaactag 


catttcttac 


tttatttatt 


11280 


tttttcaatt 


ttcaattttc 


agataaaacc 


aaactacttg 


ggttacagcc 


gtcaacagat 


11340 


ccccgggatt 


ggccaaagga 


cccaaaggta 


tgtttcgaat 


gatactaaca taacatagaa 


11400 


cattttcagg 


aggacccttg 


gctagcgtcg 


acggtaccat 


gggg 




11444 



<210> 4 

<211> 11438 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> Arabidopsis SERCA cDNA cloned in pDW2600 

<400> 4 . 
cctgcaggtc gacttggttg gcagctctct ggcttatctt ttgagaggaa aaagatccaa 60 

caaattttta tctcccttat ccctttttct cttcatcact accaataata atagtttttt 120 

ttttcgtcgc ggaagcaaaa tggcgaacaa gtgttggaat aagagtactc cagggattta . 180 

agggctgaaa gccagtgatt tatgagctcc aatttttcag atgttttttc ctccatcgcg 240 

tatttgtcta aacattcgat tttcttcctg cttcccaact tttcaaatcg aaataaaaga 300 
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gcatctgtcg ctttttatcg atgtgcttct gtgagactaa agaactact'c gttttcactc 360 

gttctctctc tctcaactat caaagttttg ttgattgcgt gtgtcagctt ccttcttttt 420 

attatcatct tttcattgga ggaaaaaaat aacttctgaa gagcaaaaga actaacttcg 480 

gggaatacag agaaaattcc tgtaaaaafcc tggaaatttt ttcgcttaac tcgaaatatt 540 

tagtttttca ctgtgatttc tgggaaaaat caagaaatat ttgcctaaaa cacgagtttt 600 

cacatgaaaa atgaattatt tattgatttt ttatggagat tacaaaaaag acacacgtga 660 

aactactgct accgtagttg tgtaaacgta gtgttctcta ttttagacct gtttaatgta 720 

■ tttttttgca gttgaaaatt tttaaaaata ttttagttat ttttaaaaat atttaattta 780 

caaaataatt agcctgaacc catgaaaaga tacgttatat ttaattttta ccgtaagact 840 

ttcaagatcg ttgcgagacc cggcgcctag gtcaaagagc ctccctttaa acccatcaac 900 

acgttttgcc tttttcatcg attttttgca gttcttttct tctttccaac tgatttttct 960 

tcatttttaa agtttttttc ctcatttttc ccatttgaaa ttatttaaac acgtgcaacc 1020 

agctggtaac atgtgtcaca tgccgttatc taacttcaaa acagtacatt tccgatcaca 1080 

cgtcccccgc gccgagtttt atagtttcat taataacttt tcggtttttg ataatactaa 1140 

ttgagtttta ttaattgttt ccatattcat ctagcacttt gacctgtcct tcttcgaatt 1200 

ctcaaatatt tgcactctgg gtttaggtgt gaaaagaatt gtcgtcatta agcggggcat 1260 

ccggggcacc gaaaaaagcc ctccgatttt aacgaatttg agataaagtt ggagagagag 1320 

cccagtgttt gcttgcccaa gatatatatc ttggatttat caattactgt ttgtcaacct 1380 

gtcgccggcg cccccttttt gctcttgctc ccacgccccg agattgaatt tcaattttat 1440 

ttcgaagtaa gtctcttgat tgtttcgaaa atccgatgac agttttcatt acttttttgt 1500 

ctgttgattt tgtagggaaa cattgaaatt tttctgatct ttctttgatc ttatgatttt 1560 

tcatttattc caattaaaaa aaattagcgc attcagaacc agagtgaagc ttgagatgtt 1620 

gtaggtttat caaaagatca aaatctcgaa ttccttcgaa atgtttttag ttttcgactt 1680 

ccgtgtgatt tctagcgatc ctgacagaga tcactgaatt ttaatgttat cgagattgtt 1740 

gtgtaggctc catctcctct ctgaagcttc tgattttgcc gaaagtctag ttacttgccg 1800 

actgctgaca ctaggatatc ccactaccgt acccattgtt ggatccgtac tctgctgcga I860 

cttcttctct gtttcacgtg aacctccggg atcgtcggta agccccgccc gttatctgtg 1920 

ccaacttgtc ttcgtgccct cgagcgacga gctcattcaa tcacgccacg acctccgtct 1980 

ggacagatgc tctcattgtc tctgcgtctc caagtattcg tcacactatc tcatgcattc 2040 

tattcaaaac gcgagagaaa gcgcgggaac gagagagagt tcagacagat cgaacttgtt 2100 
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accgcatcag gcggccttaa gggcctcgtg atacgcctat ttttataggt taatgtcatg 9240 

ataataatgg tttcttagac gtcaggtggc acttttcggg gaaatgtgcg cggaacccct 9300 

atttgtttat ttttctaaat acattcaaat atgtatccgc tcatgagaca ataaccctga 9360 

taaatgcttc aataatattg aaaaaggaag agtatgagta ttcaacattt ccgtgtcgcc 9420 

cttattccct tttttgcggc attttgcctt cctgtttttg ctcacccaga aacgctggtg 9480 

aaagtaaaag atgctgaaga tcagttgggt gcacgagtgg gttacatcga actggatctc 9540 

aacagcggta agatccttga gagttttcgc cccgaagaac gttttccaat gatgagcact 9600 

tttaaagttc tgctatgtgg cgcggtatta tcccgtattg acgccgggca agagcaactc 9660 

ggtcgccgca tacactattc tcagaatgac ttggttgagt actcaccagt cacagaaaag 9720 

catcttacgg atggcatgac agtaagagaa ttatgcagtg ctgccataac catgagtgat 9780 

aacactgcgg ccaacttact tctgacaacg atcggaggac cgaaggagct aaccgctttt 984 0 

ttgcacaaca tgggggatca tgtaactcgc cttgatcgtt gggaaccgga gctgaatgaa 9900 

gccataccaa acgacgagcg tgacaccacg atgcctgtag caatggcaac aacgttgcgc 9960 

aaactattaa ctggcgaact acttactcta gcttcccggc aacaattaat agactggatg 10020 

gaggcggata aagttgcagg accacttctg cgctcggccc ttccggctgg ctggtttatt 10080 

gctgataaat ctggagccgg tgagcgtggg tctcgcggta tcattgcagc actggggcca 10140 

gatggtaagc cctcccgtat cgtagttatc tacacgacgg ggagtcaggc aactatggat 10200 

gaacgaaata gacagatcgc tgagataggt gcctcactga ttaagcattg gtaactgtca 10260 

gaccaagttt actcatatat actttagatt gatttaaaac ttcattttta atttaaaagg 10320 

atctaggtga agatcctttt tgataatctc atgaccaaaa tcccttaacg tgagttttcg 10380 

ttccactgag cgtcagaccc cgtagaaaag atcaaaggat cttcttgaga tccttttttt 10440 

ctgcgcgtaa tctgctgctt gcaaacaaaa aaaccaccgc taccagcggt ggtttgtttg 10500 

ccggatcaag agctaccaac tctttttccg aaggtaactg gcttcagcag agcgcagata 10560 

ccaaatactg tccttctagt gtagccgtag ttaggccacc acttcaagaa ctctgtagca 10620 

ccgcctacat acctcgctct gctaatcctg ttaccagtgg ctgctgccag tggcgataag 10680 

tcgtgtctta ccgggttgga ctcaagacga tagttaccgg ataaggcgca gcggtcgggc 10740 

tgaacggggg gttcgtgcac acagcccagc ttggagcgaa cgacctacac cgaactgaga 10800 

tacctacagcgtgagcattg agaaagcgcc acgcttcccg aagggagaaa ggcggacagg 10860 

tatccggtaa gcggcagggt cggaacagga gagcgcacga gggagcttcc agggggaaac 10920 
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gcctggtatc tttatagtcc tgtcgggttt cgccacctct gacttgagcg tcgatttttg 10980 

tgatgctcgt caggggggcg gagcctatgg aaaaacgcca gcaacgcggc ctttttacgg 11040 

ttcctggcct tttgctggcc ttttgctcac atgttctttc ctgcgttatc ccctgattct 11100 

gtggataacc gtattaccgc ctttgagtga gctgataccg ctcgccgcag ccgaacgacc 11160 

gagcgcagcg agtcagtgag cgaggaagcg gaagagcgcc caatacgcaa accgcctctc 11220 

cccgcgcgtt ggccgattca ttaatgcagc tggcacgaca ggtttcccga ctggaaagcg 11280 

ggcagtgagc gcaacgcaat taatgtgagt tagctcactc attaggcacc ccaggcttta 11340 

cactttatgc ttccggctcg tatgttgtgt ggaattgtga gcggataaca atttcacaca 11400 

ggaaacagct atgaccatga ttacgccaag cttgcatg 11438 



<210> 5 

<211> 4631 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> pDW2700 

<400> 5 



gatccccagc 


ttgcatgcct 


gcaggtcgag 


gcatttgaat tgggggtggt ggacagtaac 


60 


tgtctgtaat 


aataattact 


cctgaccagg 


ttgcaattcg agttttgata agcataatta 


120 


taccttgtac 


attgtgggtt 


ttgtgctgtg 


gacgttttat tgtggacatc cccataagct 


180 


acaagaaacc 


aaaaatgaaa 


ttaaaagtat 


tgaaaaacgt cgtaacattt tatatctgag 


240 


tagtatcctt 


tgctttaaat 


gtccataaaa 


ataattttat aatcaataaa acaacgtttg 


300 


taaatcaact 


gagtttacaa 


gtagagacat 


tgagggatac tttcactatg ctaaagtgaa 


360 


taatcgacca 


aataataact 


cactttggta 


tttattcctg tcttataatg ttatgtatga 


420 


attaaattca 


tatgcatatg 


gctcactctg 


acaaaaaaaa ataatcttcc agatcaatat 


480 


tgactaccga 


tgcgggtggt 


cttttgcttt 


gaattctgct gaactttaca ccccgaacag 


540 


caatgtgtgc 


ttcagctaaa 


aaaaagtaag 


tgtgttaatc agtccccccg attcttcatt 


600 


ttttgcccct 


ctctcccgtt 


tcgtcggcaa 


aagaagagaa aataaagata agtctcaaga 


660 


taggttggta 


atcgctaaag 


tggttgtgtg 


gataagagta gcaaaatggc aggaagagca 


720 


ctttgcgcgc 


acacactgta 


ctcattgttc 


tggataaaat tctctcgttg tttgccgtcg 


780 


gatgtctgcc 


tctctgccat 


tgagccggct 


tcttcactat ctttagttaa cctaaaatgc 


840 


cgtttctttt 


ctcgtatccc 


actatccgtt 


.gaggttctct gctctcttcg ctcccttacc 


900 


gccagcgagc 


aactatccgt 


gggggcgcct 


tgctcggaag atggggggga agaaagaaga 


960 
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tttttgctat ttgcacttga gaaagagact tttcctgcgt cgatggttag agaacagtgt 1020 

gcagacactt ttcagctacc tagatacatg gatatccccg cctcccaatc cacccaccca 1080 

gggaaaaaga agggctcgcc gaaaaatcaa agttatctcc aggctcgcgc atcccaccga 1140 

gcggttgact tctctccacc acttttcatt ttaaccctcg gggtacggga ttggccaaag 1200 

gacccaaagg tatgtttcga atgatactaa cataacatag aacattttca ggaggaccct 12 60 

tggctagcgt cgacggtacc atggggcgcg ccgaattcgt taactgatca ctcgagatgc 1320 

atggccggcc gagctccgca tcggccgctg tcatcagatc gccatctcgc gcccgtgcct 1380 

ctgacttcta agtccaatta ctcttcaaca tccctacatg ctctttctcc ctgtgctccc 14 40 

accccctatt tttgttatta tcaaaaaaac ttcttcttaa tttctttgtt ttttagcttc 1500 

ttttaagtca cctctaacaa tgaaattgtg tagattcaaa aatagaatta attcgtaata 1560 

aaaagtcgaa aaaaattgtg ctccctcccc ccattaataa taattctatc ccaaaatcta 1620 

cacaatgttc tgtgtacact tcttatgttt tttttacttc tgataaattt tttttgaaac 1680 

atcatagaaa aaaccgcaca caaaatacct tatcatatgt tacgtttcag tttatgaccg 1740 

caatttttat ttcttcgcac gtctgggcct ctcatgacgt caaatcatgc tcatcgtgaa 1800 

aaagttttgg agtatttttg gaatttttca atcaagtgaa agtttatgaa attaattttc 18 60 

ctgcttttgc tttttggggg tttcccctat tgtttgtcaa gagtttcgag gacggcgttt 1920 

ttcttgctaa aatcacaagt attgatgagc acgatgcaag aaagatcgga agaaggtttg 1980 

ggtttgaggc tcagtggaag gtgagtagaa gttgataatt tgaaagtgga gtagtgtcta 2040 

tggggttttt gccttaaatg acagaataca ttcccaatat accaaacata actgtttcct 2100 

actagtcggc cgtacgggcc ctttcgtctc gcgcgtttcg gtgatgacgg tgaaaacctc 2160 

tgacacatgc agctcccgga gacggtcaca gcttgtctgt aagcggatgc cgggagcaga 2220 

caagcccgtc agggcgcgtc agcgggtgtt ggcgggtgtc ggggctggct taactatgcg 2280 

gcatcagagc agattgtact gagagtgcac catatgcggt gtgaaatacc gcacagatgc 2340 

gtaaggagaa aataccgcat caggcggcct taagggcctc gtgatacgcc tatttttata 2400 

ggttaatgtc atgataataa tggtttctta gacgtcaggt ggcacttttc ggggaaatgt 24 60 

gcgcggaacc cctatttgtt tatttttcta aatacattca aatatgtatc cgctcatgag 2520 

acaataaccc tgataaatgc ttcaataata ttgaaaaagg aagagtatga gtattcaaca 2580 

tttccgtgtc gcccttattc ccttttttgc ggcattttgc cttcctgttt ttgctcaccc 2640 

agaaacgctg gtgaaagtaa aagatgctga agatcagttg ggtgcacgag tgggttacat 2700 
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cgaactggat ctcaacagcg gtaagatcct tgagagtttt cgccccgaag aacgttttcc 2760 

aatgatgagc acttttaaag ttctgctatg tggcgcggta ttatcccgta ttgacgccgg 2820 

gcaagagcaa ctcggtcgcc gcatacacta ttctcagaat gacttggttg agtactcacc 2880 

agtcacagaa aagcatctta cggatggcat gacagtaaga gaattatgca gtgctgccat 2940 

aaccatgagt gataacactg cggccaactt acttctgaca acgatcggag gaccgaagga 3000 

gctaaccgct tttttgcaca acatggggga tcatgtaact cgccttgatc gttgggaacc 3060 

ggagctgaat gaagccatac caaacgacga gcgtgacacc acgatgcctg tagcaatggc 3120 

aacaacgttg cgcaaactat taactggcga actacttact ctagcttccc ggcaacaatt 3180 

aatagactgg atggaggcgg ataaagttgc aggaccactt ctgcgctcgg cccttccggc 3240 

tggctggttt attgctgata aatctggagc cggtgagcgt gggtctcgcg gtatcattgc 3300 

agcactgggg ccagatggta agccctcccg tatcgtagtt atctacacga cggggagtca 3360 

ggcaactatg gatgaacgaa atagacagat cgctgagata ggtgcctcac tgattaagca 3420 

ttggtaactg tcagaccaag tttactcata tatactttag attgatttaa aacttcattt 3480 

ttaatttaaa aggatctagg tgaagatcct ttttgataat ctcatgacca aaatccctta 3540 

acgtgagttt tcgttccact gagcgtcaga ccccgtagaa aagatcaaag gatcttcttg 3600 

agatcctttt tttctgcgcg taatctgctg cttgcaaaca aaaaaaccac cgctaccagc 3660 

ggtggtttgt ttgccggatc aagagctacc aactcttttt ccgaaggtaa ctggcttcag 3720 

cagagcgcag ataccaaata ctgtccttct agtgtagccg tagttaggcc accacttcaa 3780 

gaactctgta gcaccgccta catacctcgc tctgctaatc ctgttaccag tggctgctgc 3840 

cagtggcgat aagtcgtgtc ttaccgggtt ggactcaaga cgatagttac cggataaggc 3900 

gcagcggtcg ggctgaacgg ggggttcgtg cacacagccc agcttggagc gaacgaccta 3960 

caccgaactg agatacctac agcgtgagca ttgagaaagc gccacgcttc ccgaagggag 4 020 

aaaggcggac aggtatccgg taagcggcag ggtcggaaca ggagagcgca cgagggagct 4 080 

tccaggggga aacgcctggt atctttatag tcctgtcggg tttcgccacc tctgacttga 4140 

gcgtcgattt ttgtgatgct cgtcaggggg gcggagccta tggaaaaacg ccagcaacgc 4200 

ggccttttta cggttcctgg ccttttgctg gccttttgct cacatgttct ttcctgcgtt 4 260 

atcccctgat tctgtggata accgtattac cgcctttgag tgagctgata ccgctcgccg 4320 

cagccgaacg accgagcgca gcgagtcagt gagcgaggaa gcggaagagc gcccaatacg 4380 

caaaccgcct ctccccgcgc gttggccgat tcattaatgc agctggcacg acaggtttcc 4440 

cgactggaaa gegggcagtg agcgcaacgc aattaatgtg agttagctca ctcattaggc 4500 
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accccaggct ttacacttta tgcttccggc tcgtatgttg tgtggaattg tgagcggata 4560 

acaatttcac acaggaaaca gctatgacca tgattacgcc aagcttgcat gcctgcaggt 4 620 

cgactctaga g 4 631 

<2iO> 6 

<211> 5824 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> pDW2800 

<4 00> 6 



agcttgggct 


gcaggtcggc 


tataataagt tcttgaataa aataattttc ccgacaaaac 


60 


atgagtattt 


ctttcgaaaa 


taaaagtgca ggctaattag agattattct gtaattaact 


120 


gcataatttg 


tcacgtgcca 


tagttttaca ttccactacg tcatagttct taaaatacta 


180 


atctcctgaa 


aatagaagta 


ggtgaagaaa gtttaattat cagttctaaa atgacaattg 


240 


atctttggaa 


tatgttctga 


aactaccgat cattgaacag atgctatttg aatgatatag 


300 


aattgtatat 


ttgcaatttc 


tgaaacgcgt tcttaaaggc acacagatta attcaaaagg 


360 


gtctggccgc 


aaaaaggttt 


atggtggccg attttgagtt ttgtgtgtga ttgctttttc 


420 


acaatcagtg 


ttttcaggat 


tatgtgatga actagatctt caagtttcgt ' tacatttcat 


480 


atgttttcgg 


aactcacgaa 


gtacatattg ggtattgtgc tcaaaaaatt cagcaatcag 


540 


cttcgctccg 


ctgactttag 


aacccaaaaa aatagtatgg ccaaactgac tgtgttacga 


600 


tcatttcaat 


ttttcaatac 


atatttaaga tttctaagag taagaaggtc aaaaactgtt 


660 


ctggaataca 


tatatatttt 


tcaggttaca attagtcaaa aagtgcactg aaatatacgt 


720 


tttaatttca 


cgaataaccc 


aattagttca atgtattttt ggtcaaccaa cgttaaagtt 


780 


tggcttccaa 


ccaattatca 


tttctgatca accacaatgt tttttcttta tctgcaagtt 


840 


aattttttat 


ttttatccag 


atgtttggca tatttttcaa ttcttcacta gcgcccactt 


900 


cttgcacttc 


cggcgccctg 


aatctaatgc atctgttgca agaattgaaa gaccaatcaa 


960 


cacattgttt 


tcttcacgag 


atactgaaga aaatgaataa aaacagagaa aaagagccat 


1020 


gtgattagtg 


acaactgttg 


ctaacagata ccatagcttg gacttggtac gtgatggcaa 


1080 


cgtatgggtc 


aacaaaaatg 


attgcagagg gggtgcaaaa cagtcaagtc gagaaaatat 


1140 


gaaaaacaga 


aaacaaagaa 


cagaaaaatg ggtttgagag tcagtataat ttataaaaga 


1200 


aaaattgtac 


atagaaatta 


accatttttg tagaagaagt tatttttcaa gcatcgttaa 


1260 
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aaattattca aagcacctta tttcatattt aattttaaac atggttaaat gaacaacacg 1320 
gtgcgcaatc aggaaaactt gaaatctgaa actgttgttg tgatcttctt cgcaactgtt 1380 
cagatagcac tagtgtaatg ttaagagtgc gcgaatataa tggaatataa tggatcacac 1440 
ctcctgccat caggtaaacg tctctgttat cacatatttc caactattaa atttttacct 
tttacagttt tacatttttt tgaaaaaagt aactttttgt cttcaaaatc cctgacgaaa 
atatcaaata ttttaatcga gactgcagag gaaccgattg atgatttgga aaatccagct 1620 
ttacctgtgt aagaactgaa aagtttcata accctagggt attcccagtt acattcccca 1680 
ctggctaaca atagcaccca gtttttcatc acctttcttc aaatttctcg gcgatttgtt 17 40 
aaaaacaaaa tttgtgtccc ttctctgata tctctatgtc tctaaacaca agttcatcgg 
aaaacgaagg agggtaggtg ttggttgggc tcccgaagtg aaaatagaag agcaagaata 
gaatattaga gagagagtgc agagagggcg ggatagctcc cgggattccg ttttcttctt 1920 
ctttatcttc aacgatgatg tgtgtgcgtg ttgtatagat tctgttgctc ccccacaact 1980 
cgctccgaag gctcaataca attcaattga tattggagga gagcctaccg gagtgggagg 2040 
ataagaagaa acataagaag aagaagaaga agaagcatgc ttctggtttt tgatgctatg 2100 
aaaacggcac aaaaagatga ttgaggtccc ttttcaatac cttctctcat ctttcaaatc 2160 
ccattgaaac ctaaaacttc tcaccacgct ttaccattgt tctccaaaaa cttatagcaa 
tgtctataac ttttttatct ctgaaaagca gtgttccatt tttctttttc ctattttatt 
tcaattgttt ctcacatttc gtttggattc tttgcttgtc aaccagcttc ttcttccact 
tttaccgtct aattttcagg gcagggagcc atcaaaccca cgaccactag atccatctag 
aggatccccg ggattggcca aaggacccaa aggtatgttt cgaatgatac taacataaca 24 60 
tagaacattt tcaggaggac ccttggctag cgtcgacggt accatggggc gcgccgaatt 2520 
cgttaactga tcactcgaga tgcatggccg gccgagctcc gcatcggccg ctgtcatcag 2580 
atcgccatct cgcgcccgtg cctctgactt ctaagtccaa ttactcttca acatccctac 
atgctctttc tccctgtgct cccaccccct atttttgtta ttatcaaaaa aacttcttct 
taatttcttt gttttttagc ttcttttaag tcacctctaa caatgaaatt gtgtagattc 27 60 
aaaaatagaa ttaattcgta ataaaaagtc gaaaaaaatt gtgctccctc cccccattaa 
taataattct atcccaaaat ctacacaatg ttctgtgtac acttcttatg ttttttttac 
ttctgataaa ttttttttga aacatcatag aaaaaaccgc acacaaaata ccttatcata 
tgttacgttt cagtttatga ccgcaatttt tatttcttcg cacgtctggg cctctcatga 
cgtcaaatca tgctcatcgt gaaaaagttt tggagtattt ttggaatttt tcaatcaagt 3060 



2220 
2280 
2340 
2400 



2640 
2700 



2820 
2880 
2940 
3000 
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gaaagtttat gaaattaatt ttcctgcttt tgctttttgg gggtttcccc tattgtttgt 3120 

caagagtttc gaggacggcg tttttcttgc taaaatcaca agtattgatg agcacgatgc 3180 

aagaaagatc ggaagaaggt ttgggtttga ggctcagtgg aaggtgagta gaagttgata 3240 

atttgaaagt ggagtagtgt ctatggggtt tttgccttaa atgacagaat acattcccaa 3300 

tataccaaac ataactgttt cctactagtc ggccgtacgg gccctttcgt ctcgcgcgtt 3360 

tcggtgatga cggtgaaaac ctctgacaca tgcagctccc ggagacggtc acagcttgtc 3420 

tgtaagcgga tgccgggagc agacaagccc gtcagggcgc gtcagcgggt gttggcgggt 34 80 

gtcggggctg gcttaactat gcggcatcag agcagattgt actgagagtg caccatatgc 3540 

ggtgtgaaat accgcacaga tgcgtaagga gaaaataccg catcaggcgg ccttaagggc 3600 

ctcgtgatac gcctattttt ataggttaat gtcatgataa taatggtttc ttagacgtca 3660 

ggtggcactt ttcggggaaa tgtgcgcgga acccctattt gtttattttt ctaaatacat 3720 

tcaaatatgt atccgctcat gagacaataa ccctgataaa tgcttcaata atattgaaaa 3780 

aggaagagta tgagtattca acatttccgt gtcgccctta ttcccttttt tgcggcattt 3840 

tgccttcctg tttttgctca cccagaaacg ctggtgaaag taaaagatgc tgaagatcag 3900 

ttgggtgcac gagtgggtta catcgaactg gatctcaaca gcggtaagat ccttgagagt 3960 

tttcgccccg aagaacgttt tccaatgatg agcactttta aagttctgct atgtggcgcg 4020 

gtattatccc gtattgacgc cgggcaagag caactcggtc gccgcataca ctattctcag 4080 

aatgacttgg ttgagtactc accagtcaca gaaaagcatc ttacggatgg catgacagta 4140 

agagaattat gcagtgctgc cataaccatg agtgataaca ctgcggccaa cttacttctg 4200 

acaacgatcg gaggaccgaa ggagctaacc gcttttttgc acaacatggg ggatcatgta 4260 

actcgccttg atcgttggga accggagctg aatgaagcca taccaaacga cgagcgtgac 4320 

accacgatgc ctgtagcaat ggcaacaacg ttgcgcaaac tattaactgg cgaactactt 4380 

actctagctt cccggcaaca attaatagac tggatggagg cggataaagt tgcaggacca 4440 

cttctgcgct cggcccttcc ggctggctgg tttattgctg ataaatctgg agccggtgag 4500 

cgtgggtctc gcggtatcat tgcagcactg gggccagatg gtaagccctc ccgtatcgta 4560 

gttatctaca cgacggggag tcaggcaact atggatgaac gaaatagaca gatcgctgag 4620 

ataggtgcct cactgattaa gcattggtaa ctgtcagacc aagtttactc atatatactt 4 680 

tagattgatt taaaacttca tttttaattt aaaaggatct • aggtgaagat cctttttgat 4740 

aatctcatga ccaaaatccc ttaacgtgag ttttcgttcc actgagcgtc agaccccgta 4800 
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gaaaagatca aaggatcttc ttgagatcct ttttttctgc gcgtaatctg ctgcttgcaa 4860 
acaaaaaaac caccgctacc agcggtggtt tgtttgccgg atcaagagct accaactctt 4920 
tttccgaagg taactggctt cagcagagcg cagataccaa atactgtcct tctagtgtag 4 980 
ccgtagttag gccaccactt caagaactct gtagcaccgc ctacatacct cgctctgcta 5040 
atcctgttac cagtggctgc tgccagtggc gataagtcgt gtcttaccgg gttggactca 5100 
agacgatagt taccggataa ggcgcagcgg tcgggctgaa cggggggttc gtgcacacag 5160 
cccagcttgg agcgaacgac ctacaccgaa ctgagatacc tacagcgtga gcattgagaa 5220 
agcgccacgc ttcccgaagg gagaaaggcg gacaggtatc cggtaagcgg cagggtcgga 5280 
acaggagagc gcacgaggga gcttccaggg ggaaacgcct ggtatcttta tagtcctgtc 5340 
gggtttcgcc acctctgact tgagcgtcga tttttgtgat gctcgtcagg ggggcggagc 5400 
ctatggaaaa acgccagcaa cgcggccttt ttacggttcc tggccttttg ctggcctttt 54 60 
gctcacatgt tctttcctgc gttatcccct gattctgtgg ataaccgtat taccgccttt ; 5520 
gagtgagctg ataccgctcg ccgcagccga acgaccgagc gcagcgagtc agtgagcgag 5580 
gaagcggaag agcgcccaat acgcaaaccg cctctccccg cgcgttggcc gattcattaa 5640 
tgcagctggc acgacaggtt tcccgactgg aaagcgggca gtgagcgcaa cgcaattaat 5700 
gtgagttagc tcactcatta ggcaccccag gctttacact ttatgcttcc ggctcgtatg 5760 
ttgtgtggaa ttgtgagcgg ataacaattt cacacaggaa acagctatga ccatgattac 5820 

5824 

gcca 

<210> 7 
<211> 5457 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> pDW2400 
<400> 7 

ctagaggatc cccgggattg gccaaaggac ccaaaggtat gtttcgaatg atactaacat 60 
aacatagaac attttcagga ggacccttgg ctagcgtcga cggtaccatg gggcgcgccg 120 
aattcgttaa ctgatcactc gagatgcatg gccggccgag ctccgcatcg gccgctgtca ■ 180 
tcagatcgcc atctcgcgcc cgtgcctctg acttctaagt ccaattactc ttcaacatcc 
ctacatgctc tttctccctg tgctcccacc ccctattttt gttattatca aaaaaacttc 
ttcttaattt ctttgttttt tagcttcttt taagtcacct ctaacaatga aattgtgtag- 
attcaaaaat agaattaatt cgtaataaaa agtcgaaaaa aattgtgctc cctcccccca 



240 
300 
360 
420 
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o_J ._i.__x.__ 

ttaataataa 


ttctatccca 


aaatctacac 


aatgttcrgt 


gtacacttct 


tatgtttttt 


/inn 


tuacttctga 


X. _ _ _ 4_ x. x. 4- 4- 4- 

taaattttut 


ttgaaacatc 


atagaaaaaa 


ccgcacacaa 


aataccttat 


0 4 U 


catatgttac 


gtttcagttt 


atgaccgcaa 


4_ 4_ X- X. _ j_ i_ 4_ _ 

t ttttatttc 


ttcgcacgtc 


tgggcctctc 


bUU 


atgacgtcaa 


atcatgctca 


tcgtgaaaaa 


gttttggagt 


atttttggaa 


X- X. X. X- X- _ _ _ 1_ _, 

tttttcaatc 


oou 


aagtgaaagt 


A_ 4_ _ J_ _ _ _ _ 4_ J_ 

ttatgaaatt 


aattttcctg 


_4- 4- 4- 4- -r~4- 4- 4- 

ctt ttgctnt. 


4_x_ .i_j_x- 

t ugggggutt 


J ,4.4- — 4- 

ccccratugt: 


/ £.\J 


ttgtcaagag 


tttcgaggac 


ggcgtt uttc 


4_l___i_____i_ 

ttgctaaaat: 


cacaagtatt 


gatgagcacg 


■ OA 

/ oU 


atgcaagaaa 


gatcggaaga 


aggtttgggt 


ttgaggctca 


gtggaaggtg 


agtagaagtt 


q a n 


gataatttga 


aagtggagta 


gtgtctatgg 


ggt ttttgcc 


ttaaatgaca 


gaatacattc 


yuu 


ccaatatacc 


aaacataact 


4_ X, _ _4- _ _ X. 

gtttcctact 


agtcggccgt 


acgggccctt 


tcgtct cgcg 


you 


cgtttcggtg 


atgacggtga 


aaacctctga 


cacatgcagc 


tcccggagac 


ggtcacagct 


1 no n 


tgtctgtaag 


cggatgccgg 


gagcagacaa 


gcccgtcagg 


gcgcgtcagc 


gggtgttggc 


lUoU 


gggtgtcggg 


gctggcttaa 


ctatgcggca 


tcagagcaga 


ttgtactgag 


agtgcaccat 


i 1 / n 


atgcggtgtg 


aaataccgca 


cagatgcgta 


aggagaaaat 


accgcatcag 


gcggccttaa 


Iz uu 


gggcctcgtg 


atacgcctat 


ttttataggt 


taatgtcatg 


ataataatgg 


X- A- X- _ 4_ 4_ _ _, _ _ 

tttcttagac 


i o cn 
lzbU 


gtcaggtggc 


acttttcggg 


gaaatgtgcg 


cggaacccct 


atttgtttat 


4_ l_ 1_ X- _ X- _ _ _ 4- 

ttttctaaat 


1 JzU 


acattcaaat 


atgtatccgc 


tcatgagaca 


ataaccctga 


i „ i _ 4- X- __ 

taaatgcttc 


__x._—,X__.4_4__ r 

aataatattg 


looU 


aaaaaggaag 


agtatgagta 


ttcaacattt 


ccgtgtcgcc 


cttattccct 


tttttgcggc 




attttgcctt 


cctgtttttg 


ctcacccaga 


aacgctggtg 


aaagtaaaag 


atgctgaaga 


louu 


tcagttgggt 


gcacgagtgg 


gttacatcga 


actggatctc 


aacagcggta 


agatccttga 


i ^cn 


gagttttcgc 


cccgaagaac 


gttttccaat 


gatgagcact 


tttaaagttc 


tgctatgtgg 


i con 


cgcggtatta 


tcccgtattg 


acgccgggca 


agagcaactc 


ggtcgccgca 


tacactattc 


i n 

1 Do U 


tcagaatgac 


ttggttgagt 


actcaccagt 


cacagaaaag 


catcttacgg 


atggcatgac 


i "7 / n 


agtaagagaa 


ttatgcagtg 


ctgccataac 


catgagtgat 


aacactgcgg 


ccaacttact 


i onn 


tctgacaacg 


atcggaggac. 


cgaaggagct 


aaccgctttt 


ttgcacaaca 


tgggggatca - 


1860 


tgtaactcgc 


cttgatcgtt 


gggaaccgga 


gctgaatgaa 


gccataccaa 


acgacgagcg 


1920 


tgacaccacg 


atgcctgtag 


caatggcaac 


aacgttgcgc 


aaactattaa 


ctggcgaact 


1980 


acttactcta 


gcttcccggc 


aacaattaat 


agactggatg 


gaggcggata 


aagttgcagg 


2040 


accacttctg 


cgctcggccc 


ttccggctgg 


ctggtttatt 


gctgataaat 


ctggagccgg 


2100 


tgagcgtggg 


tctcgcggta 


tcattgcagc 


actggggcca 


gatggtaagc 


cctcccgtat 


2160 
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cgtagttatc tacacgacgg ggagtcaggc aactatggat gaacgaaata gacagatcgc 2220 

tgagataggt gcctcactga ttaagcattg gtaactgtca gaccaagttt actcatatat 2280 

actttagatt gatttaaaac ttcattttta atttaaaagg atctaggtga agatcctttt 2340 

tgataatctc atgaccaaaa tcccttaacg tgagttttcg ttccactgag cgtcagaccc 24 00 

cgtagaaaag atcaaaggat cttcttgaga tccttttttt ctgcgcgtaa tctgctgctt 24 60 

gcaaacaaaa aaaccaccgc taccagcggt ggtttgtttg ccggatcaag agctaccaac 2520 

tctttttccg aaggtaactg gcttcagcag agcgcagata ccaaatactg tccttctagt 2580 

gtagccgtag ttaggccacc acttcaagaa ctctgtagca ccgcctacat acctcgctct 2640 

gctaatcctg ttaccagtgg ctgctgccag tggcgataag tcgtgtctta ccgggttgga 2700 

ctcaagacga tagttaccgg ataaggcgca gcggtcgggc tgaacggggg gttcgtgcac 27 60 

acagcccagc ttggagcgaa cgacctacac cgaactgaga tacctacagc gtgagcattg 2820 

agaaagcgcc acgcttcccg aagggagaaa ggcggacagg tatccggtaa gcggcagggt 28 80 

cggaacagga gagcgcacga gggagcttcc agggggaaac gcctggtatc tttatagtcc 2940 

tgtcgggttt cgccacctct gacttgagcg tcgatttttg tgatgctcgt caggggggcg 3000 

gagcctatgg aaaaacgcca gcaacgcggc ctttttacgg ttcctggcct tttgctggcc 30 60 

ttttgctcac atgttctttc ctgcgttatc ccctgattct gtggataacc gtattaccgc 3120 

ctttgagtga gctgataccg ctcgccgcag ccgaacgacc gagcgcagcg agtcagtgag 3180 

cgaggaagcg gaagagcgcc caatacgcaa accgcctctc cccgcgcgtt ggccgattca 3240 

ttaatgcagc tggcacgaca ggtttcccga ctggaaagcg ggcagtgagc gcaacgcaat 3300 

taatgtgagt tagctcactc attaggcacc ccaggctt.ta cactttatgc ttccggctcg 3360 

tatgttgtgt ggaattgtga gcggataaca atttcacaca ggaaacagct atgaccatga 3420 

ttacgccaag cttgcatgct cctctagctt attgtatcca tttcattgtt ttcattcaat 34 80 

tttagattgc tttaataaat agaagagatt tacggcgtta aatcatttgt tacttgtttt 3540 

gtcctcctcg tgacattgaa tgaggtggtg ccgttccact gcgcgtgata tatgatacgc 3600 

agccaattct cggtagaccc gcttacttct tcgacctttc gcatttaatt gcattctgat 3660 

atctattttc atattgacca catgttgttc acctgcacac tgtcaaaatg actcatttac 3720 

aataactttt cgcgttcgag atttataaag gaatgcaaca caaacaggtg cgcgtaaata 3780 

aagaaaacga aattgaatta gcttttgcat ctaaatatgt cgcctacaat tatcccgtgt 3840 

tctatcattt ttggcgactg actgccttat gcgcaatgcc caatcactaa ccccttttct 3900 

ttttaacgca tctcttttct catcattgtc cattctcgtt tatctctcct tctttttcta 3960 
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attcccttga ttttctctca 


ctttctgatt 


gcatttttct 


atattgatta 


gcctgtagac 




acataccaaa tactccaaaa 


aataagaccc 


acagcaacaa 


aaaaccgacg 


cctatgttgt 


4080 


cggttaccgt ctcatgattg 


taatgccccc 


ttctcttttt 


cttatcactc 


ttttctaatg 


A 1 A f\ 

4140 


gaattcttgg gggcaacaaa 


ctggtttaat 


gacaaaattg 


aaacaagaaa 


tccattcacc 


a o r\ f\ 
4200 


tacctgttaa aattgagtaa 


atgatgtgac 


atttgaatta 


attagactcg 


caactaacca 


4 <i ou 


tctcgtatcc gcgataagca 


tctcttggaa 


tgttggtcac 


accctgttgt 


gcaactatta 


4 JZO 


agttttgaaa ttacaatttt 


ataatacata 


acttctacaa 


aaaagtgcct 


agaaatcgca 


4 joU 


cagattaaat tacacttcaa 


taatcaaaaa 


gctggtttat 


aactaaatgt 


tctaatcatt 


4 44 U 


aatcacaacc taagtttttt 


atgaacattt 


tctttttatt 


tttttaggaa 


tatttagata 


4O00 


gaatgtttca ctaaagaagt 


atctcattat 


tttgaaaact 


agccttataa 


tctcaaattt 


A C C A 


gatctaattt aaactatttt 


atatgcaatg 


tatgacgttg 


gttttgaaaa 


gttaccatag 


4 620 


cgttattacg cttacatcag 


ctgctaaaat 


ttgtttttat 


tatacataac 


gagtttttat 


4 680 


aaaacctcaa attgctctaa 


aaaaattaca 


taactctata 


acatagccgt 


gatcattgaa 


4740 


aagatagacc cactttattc 


gctatatcat 


actgcaagac 


tagcaataaa 


aagttacatt 


a o r\ n 
4o00 


gtgtccggaa atgttgaaag 


gtttttgttt 


ccgtaacata 


tgcactgcat 


ccggaagaaa , 


4 ooU 


cacctccaga tgtgacttct tattcaaggt 


tttgcttcga 


tatcaatcga 


aacggcattg 


4 yzu 


tgtcattcca ccttgtcggc 


gaagacaacg 


aatccacaac 


atcttaacat 


ctggacgtct 


yi q q n 

4 ydo 


ttcgtcgtct caatttgacg 


ctcgttcact 


ttttactctt 


tttattatcg 


ccctccgctc 


OOQ U 


gctgctcgtt tttttttcta tgagcaacat 


atgcgtaaat 


ttagacggtt 


ctaattatga 


CI Art 

O100 


tttgctttag tttcttgatt 


gttcccagag 


atcattagac 


cttatgaccc 


agagggtcgg 


5160 


aacttttgaa aacgttgcgc gggtgtcgcc 


aatttgttac 


atatggtggt 


ggggtatgga 


5220 


gccagtaata tataacccat gcatggctcg 


cgcagaggta 


ccagtaagaa 


cccaacaaat 


5280 


aaatctttgt accggtctga 


ttcacctctc 


tcacatgtat 


tcaatttcaa 


aagtttcaca 


5340 


gcttctcctt ctgagtgttt taatattttg 


attattagta 


gataaatagt 


agatacaaaa 


5400 


gattgcagaa attcgaatgt ttgcctgata 


catatcacca 


tggtgacgtc 


accggtt 


5457 



<210> 8 

<211> 4741 

<212> DNA 

<213> Artificial sequence 



<220> 

<223> pDW2422 
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<400> 8 
aagcttcctt 


ctcgatttca 


aaatgtcaac 


taaacatatg 


caacatatgt 


gctgcaggcc 


60 


ttggtcgact 


ctagacactt 


ttcagctacc 


tagatacatg 


gatatccccg 


cctcccaatc 


120 


cacccaccca 


gggaaaaaga 


agggctcgcc 


gaaaaatcaa 


agttatctcc 


aggctcgcgc 


• 180 


atcccaccga 


gcggttgact 


tctctccacc 


acttttcatt 


ttaaccctcg 


gggtacggga 


240 


ttggccaaag 


gacccaaagg 


tatgtttcga 


atgatactaa 


cataacatag 


aacattttca 


300 


ggaggaccct 


tgcttggagg 


gtaccgagct 


cagaaaaaat 


gactgctcca 


aagaagaagc 


360 


gtaaggtacc 


ggtagaaaaa 


atgagtaaag 


gagaagaact 


tttcactgga 


gttgtcccaa 


420 


ttcttgttga 


attagatggt 


gatgttaatg 


ggcacaaatt 


ttctgtcagt 


ggagagggtg 


480 


aaggtgatgc 


aacatacgga 


aaacttaccc 


ttaaatttat 


ttgcactact 


ggaaaactac 


540 


ctgttccatg 


ggtaagttta 


aacatatata 


tactaactaa 


ccctgattat 


ttaaattttc 


600 


agccaacact 


tgtcactact 


ttctgttatg 


gtgttcaatg 


cttctcgaga 


tacccagatc 


660 


atatgaaacg 


gcatgacttt 


ttcaagagtg 


ccatgcccga 


aggttatgta 


caggaaagaa 


720 


ctatattttt 


caaagatgac 


gggaactaca 


agacacgtaa 


gtttaaacag 


ttcggtacta 


780 


actaaccata 


catatttaaa 


ttttcaggtg 


ctgaagtcaa 


gtttgaaggt 


gatacccttg 


840 


ttaatagaat 


cgagttaaaa 


ggtattgatt 


ttaaagaaga 


tggaaacatt 


cttggacaca 


900 


aattggaata 


caactataac 


tcacacaatg 


tatacatcat 


ggcagacaaa 


caaaagaatg 


960 


gaatcaaagt 


tgtaagttta 


aacatgattt 


tactaactaa 


cta'atctgat 


ttaaattttc 


1020 


agaacttcaa 


aattagacac 


aacattgaag 


atggaagcgt 


tcaactagca 


gaccattatc 


1080 


aacaaaatac 


tccaattggc 


gatggccctg 


tccttttacc 


agacaaccat 


tacctgtcca 


1140 


cacaatctgc 


cctttcgaaa 


gatcccaacg 


aaaagagaga 


ccacatggtc 


cttcttgagt 


1200 


ttgtaacagc 


tgctgggatt 


acacatggca 


tggatgaact 


atacaaatag 


cattcgtaga 


1260 


attccaactg 


agcgccggtc 


gctaccatta 


ccaacttgtc 


tggtgtcaaa 


aataataggg 


1320 


gccgctgtca 


tcagagtaag 


tttaaactga 


gttctactaa 


ctaacgagta 


atatttaaat 


1380 


tttcagcatc 


tcgcgcccgt 


gcctctgact 


tctaagtcca 


attactcttc 


aacatcccta 


1440 


catgctcttt 


ctccctgtgc 


tcccaccccc 


tatttttgtt 


attatcaaaa 


aaacttcttc 


1500 


ttaatttctt 


tgttttttag 


cttcttttaa 


gtcacctcta 


acaatgaaat 


tgtgtagatt 


1560 


caaaaataga 


attaattcgt 


aataaaaagt 


cgaaaaaaat 


tgtgctccct 


ccccccatta 


1620 


ataataattc 


tatcccaaaa 


tctacacaat 


gttctgtgta 


cacttcttat 


gtttttttta 


1680 


cttctgataa 


attttttttg 


aaacatcata 


gaaaaaaccg 


cacacaaaat 


accttatcat 


1740 
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atgttacgtt tcagtttatg 


acegcaattt ttatttcttc geaegtctgg 


gcctctcatg 


1800 


acgtcaaatc atgctcatcg 


tgaaaaagtt ttggagtatt tttggaattt 


ttcaatcaag 


1860 


tgaaagttta tgaaattaat 


tttcctgett ttgctttttg ggggtttccc 


ctattgtttg 


1920 


tcaagagttt cgaggacggc 


gtttttcttg ctaaaatcac aagtattgat 


gagcacgatg 


1980 


caagaaagat cggaagaagg 


tttgggtttg aggctcagtg gaaggtgagt 


agaagttgat 


2040 


aatttgaaag tggagtagtg 


tctatggggt ttttgectta aatgacagaa 


tacattccca 


2100 


atataccaaa cataactgtt 


tcctactaqt cqgccqtacg qgccctttcg 


tctcgcgcgt 


2160 


ttcggtgatg acggtgaaaa 


cctctgacac atgcagctcc eggagaeggt 


ca'cagcttgt 


2220 


ctcrtaaacacr atcrcccjcrcraq 


cagacaagcc cgtcagggcg cgtcagcggg 


tgttggcggg 


2280 


fatcaaaoct aacttaact a 

l» y w w y y %H *H v ^* w w wfc v^* v# • !■* 


tacaqcatca qaqcaqattg tactgagaqt 


gcaccatatg 


2340 


nnrrhrrhcraaa tacccrcacacf 

^ LJ \-J i_ <J L-r y u ti u i— ca w *H 


atgegtaagg agaaaatacc geatcaggeg 


gecttaaggg 


2400 


mi' rcrt-crafca ccrcctafcfctt 


tataggttaa tgtcatgata ataatggttt 


ettagaegtc 


2460 


Aciat*aacact* tttcaaaaaa 


atgtgcgcgg aacccctatt tgtttatttt 


tctaaataca 


2520 


ttcaaatatg tatccgctca 


tgagacaata accctgataa .atgcttcaat 


aatattgaaa 


2580 


aaggaagagfc atgagtattc 


aacatttccg tgtcgccctt attccctttt 


ttgeggcatt 


2640 


ttaccttcct atttttoctc 


acccagaaac gctggtgaaa gtaaaagatg 


ctgaagatca 


2700 


attaaataca caaatacrcrtt 

y v, y t. y »— ^ j ^ :3 :3 ;3 


acatcgaact ggatctcaac ageggtaaga 


tccttgagag 


2760 


+■+■ t" t~ rrrrrpp claacTaaccjtt 


ttccaatgat gagcactttt aaagttctgc 


tatgtggcgc 


2820 


ant s t"t* a t* rr ccrtattcraccf 


cegggcaaga geaacteggt cgccgcatac 


actattctca 


2880 


rra 3 1* rra r*"H "h rr rrH" era oi" a ct" 
y a ct l. y d l« l. y y i— i»y&y i> 


caccagtcac agaaaagcat ettaeggatg 


gcatgacagt 


2940 


aarrarraahfa tcrpaatcrctcj 


ccataaccat gagtgataac actgcggcca 


acttacttct 


3000 


gacaacgatc ggaggaccga 


aggagctaac cgcttttttg cacaacatgg 


gggatcatgt 


3060 


aachcacctt aatcattGaa 


aaceggaget gaatgaagee ataccaaacg 


acgagcgtga 


3120 


caccacgatg cctgtagcaa 


tggcaacaac gttgcgcaaa ctattaactg 


gcgaacuacu 


n fin 


tactctagct tcccggcaac 


aattaataga ctggatggag gcggataaag 


ttgeaggace 


3240 


acttctgcgc tcggcccttc 


cggctggctg gtttattget gataaatctg 


gagccggtga 


3300 


gcgtgggtct cgeggtatea 


ttgeagcact ggggecagat ggtaagcect 


cccgtatcgt 


3360 


agttatctac aegaegggga 


gtcaggcaac tatggatgaa cgaaatagac 


agategctga 


3420 


gataggtgee tcactgatta 


agcattggta actgtcagac caagtttact 


catatatact 


3480 
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ttagattgat 


ttaaaacttc 


atttttaatt taaaaggatc taggtgaaga 


tcctttttga 


3540 


taatctcatg 


accaaaatcc 


cttaacgtga gttttcgttc cactgagcgt cagaccccgt 


3600 


agaaaagatc 


aaaggatctt 


cttgagatcc tttttttctg cgcgtaatct 


gctgcttgca 


3660 


aacaaaaaaa 


ccaccgctac 


cagcggtggt ttgtttgccg gatcaagagc taccaactct 


3720 


ttttccgaag 


gtaactggct 


tcagcagagc gcagatacca aatactgtcc 


ttctagtgta 


3780 


gccgtagtta 


ggccaccact 


tcaagaactc tgtagcaccg cctacatacc 


tcgctctgct 


3840 


aatcctgtta 


ccagtggctg 


ctgccagtgg cgataagtcg tgtcttaccg ggttggactc 


3900 


aagacgatag 


ttaccggata 


aggcgcagcg gtcgggctga acggggggtt 


cgtgcacaca 


3960 


gcccagcttg 


gagcgaacga 


cctacaccga actgagatac ctacagcgtg agcattgaga 


4020 


aagcgccacg 


cttcccgaag 


ggagaaaggc ggacaggtat ccggtaagcg gcagggtcgg 


4080 


aacaggagag 


cgcacgaggg 


agcttccagg gggaaacgcc tggtatcttt 


atagtcctgt 


4140 


cgggtttcgc 


cacctctgac 


ttgagcgtcg atttttgtga tgctcgtcag 


gggggcggag 


4200 


cctatggaaa 


aacgccagca 


acgcggcctt tttacggttc ctggcctttt 


gctggccttt 


4260 


tgctcacatg 


ttctttcctg 


cgttatcccc tgattctgtg gataaccgta 


ttaccgcctt 


4320 


tgagtgagct 


gataccgctc 


gccgcagccg aacgaccgag cgcagcgagt 


cagtgagcga 


4380 


ggaagcggaa 


gagcgcccaa 


tacgcaaacc gcctctcccc gcgcgttggc 


cgattcatta 


4440 


atgcagctgg 


cacgacaggt 


ttcccgactg gaaagcgggc agtgagcgca 


acgcaattaa 


4500 


tgtgagttag 


ctcactcatt 


aggcacccca ggctttacac tttatgcttc 


cggctcgtat 


4560 


gttgtgtgga 


attgtgagcg 


gataacaatt tcacacagga aacagctatg 


accatgatta 


4620 


cgccaagctg 


taagtttaaa 


catgatctta ctaactaact attctcattt 


aaattttcag 


4680 


agcttaaaaa 


tggctgaaat 


cactcacaac gatggatacg ctaacaactt ggaaatgaaa 


4740 


t 








4741 



<210> 9 
<211> 5471 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> pDW2721 
<400> 9 

cgcgccatga gtaaaggaga agaacttttc actggagttg tcccaattct tgttgaatta 60 
gatggtgatg ttaatgggca caaattttct gtcagtggag agggtgaagg tgatgcaaca 120 
tacggaaaac ttacccttaa atttatttgc actactggaa aactacctgt tccatgggta 180 



WO 02/33405 



PCT7TB0 1/02391 



37 



agtttaaaca tatatatact aactaaccct gattatttaa attttcagcc aacacttgtc 240 

actactttct gttatggtgt tcaatgcttc tcgagatacc cagatcatat gaaacggcat 300 

gactttttca agagtgccat gcccgaaggt tatgtacagg aaagaactat atttttcaaa 360 

gatgacggga actacaagac acgtaagttt aaacagttcg gtactaacta accatacata 420 

tttaaatttt caggtgctga agtcaagttt gaaggtgata cccttgttaa tagaatcgag 480 

ttaaaaggta ttgattttaa agaagatgga aacattcttg gacacaaatt ggaatacaac 540 

tataactcac acaatgtata catcatggca gacaaacaaa agaatggaat caaagttgta 600 

agtttaaact tggacttact aactaacgga ttatatttaa attttcagaa cttcaaaatt 660 

agacacaaca ttgaagatgg aagcgttcaa ctagcagacc attatcaaca aaatactcca 720 

attggcgatg gccctgtcct tttaccagac aaccattacc tgtccacaca atctgccctt 780 

tcgaaagatc ccaacgaaaa gagagaccac atggtccttc ttgagtttgt aacagctgct 840 

gggattacac atggcatgga tgaactatac aaatagggcc ggccgagctc cgcatcggcc 900 

gctgtcatca gatcgccatc tcgcgcccgt gcctctgact tctaagtcca attactcttc 960 

aacatcccta catgctcttt ctccctgtgc tcccaccccc tatttttgtt attatcaaaa 1020 

aaacttcttc ttaatttctt tgttttttag cttcttttaa gtcacctcta acaatgaaat 1080 

tgtgtagatt caaaaataga attaattcgt aataaaaagt cgaaaaaaat tgtgctccct 1140 

ccccccatta ataataattc tatcccaaaa tctacacaat gttctgtgta cacttcttat 1200 

gtttttttta cttctgataa attttttttg aaacatcata gaaaaaaccg cacacaaaat 1260 

accttatcat atgttacgtt tcagtttatg accgcaattt ttatttcttc gcacgtctgg 1320 

gcctctcatg acgtcaaatc atgctcatcg tgaaaaagtt ttggagtatt tttggaattt 1380 

ttcaatcaag tgaaagttta tgaaattaat tttcctgctt ttgctttttg ggggtttccc 1440 

ctattgtttg tcaagagttt cgaggacggc gtttttcttg ctaaaatcac aagtattgat 1500 

gagcacgatg caagaaagat cggaagaagg tttgggtttg aggctcagtg gaaggtgagt 1560 

agaagttgat aatttgaaag tggagtagtg tctatggggt ttttgcctta aatgacagaa 1620 

tacattccca atataccaaa cataactgtt tcctactagt cggccgtacg ggccctttcg 1680 

tctcgcgcgt ttcggtgatg acggtgaaaa cctctgacac atgcagctcc cggagacggt 1740 

cacagcttgt ctgtaagcgg atgccgggag cagacaagcc cgtcagggcg cgtcagcggg 1800 

tgttggcggg tgtcggggct ggcttaacta tgcggcatca gagcagattg tactgagagt 1860 

gcaccatatg cggtgtgaaa taccgcacag atgcgtaagg agaaaatacc gcatcaggcg 1920 
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gccttaaggg cctcgtgata cgcctatttt tataggttaa tgtcatgata ataatggttt 1980 

cttagacgtc aggtggcact tttcggggaa atgtgcgcgg aacccctatt tgtttatttt 2040 

tctaaataca ttcaaatatg tatccgctca tgagacaata accctgataa atgcttcaat 2100 

aatattgaaa aaggaagagt atgagtattc aacatttccg tgtcgccctt attccctttt 2160 

ttgcggcatt ttgccttcct gtttttgctc acccagaaac gctggtgaaa gtaaaagatg 2220 

ctgaagatca gttgggtgca cgagtgggtt acatcgaact ggatctcaac agcggtaaga 2280 

tccttgagag ttttcgcccc gaagaacgtt ttccaatgat gagcactttt aaagttctgc 2340 

tatgtggcgc ggtattatcc cgtattgacg ccgggcaaga gcaactcggt cgccgcatac 2400 

actattctca gaatgacttg gttgagtact caccagtcac agaaaagcat cttacggatg 2460 

gcatgacagt aagagaatta tgcagtgctg ccataaccat gagtgataac actgcggcca 2520 

acttacttct gacaacgatc ggaggaccga aggagctaac cgcttttttg cacaacatgg 2580 

gggatcatgt aactcgcctt gatcgttggg aaccggagct gaatgaagcc ataccaaacg 2640 

acgagcgtga caccacgatg cctgtagcaa tggcaacaac gttgcgcaaa ctattaactg 2700 

gcgaactact tactctagct tcccggcaac aattaataga ctggatggag gcggataaag 2760 

ttgcaggacc acttctgcgc tcggcccttc cggctggctg gtttattgct gataaatctg 2820 

gagccggtga gcgtgggtct cgcggtatca ttgcagcact ggggccagat ggtaagccct 2880 • 

cccgtatcgt agttatctac acgacgggga gtcaggcaac tatggatgaa cgaaatagac 294 0 

agatcgctga gataggtgcc tcactgatta agcattggta actgt'cagac caagtttact 3000 

catatatact ttagattgat ttaaaacttc atttttaatt taaaaggatc taggtgaaga 3060 

tcctttttga taatctcatg accaaaatcc cttaacgtga gttttcgttc cactgagcgt 3120 

cagaccccgt agaaaagatc aaaggatctt cttgagatcc tttttttctg cgcgtaatct 3180 

gctgcttgca aacaaaaaaa ccaccgctac cagcggtggt ttgtttgccg gatcaagagc 3240 

taccaactct ttttccgaag gtaactggct tcagcagagc gcagatacca aatactgtcc 3300 

ttctagtgta gccgtagtta ggccaccact tcaagaactc tgtagcaccg cctacatacc 33 60 

tcgctctgct aatcctgtta ccagtggctg ctgccagtgg cgataagtcg tgtcttaccg 3420 

ggttggactc aagacgatag ttaccggata aggcgcagcg gtcgggctga acggggggtt 34 80 

cgtgcacaca gcccagcttg gagcgaacga cctacaccga actgagatac ctacagcgtg 3540 

agcattgaga aagcgccacg cttcccgaag ggagaaaggc ggacaggtat ccggtaagcg 3600 

gcagggtcgg aacaggagag cgcacgaggg agcttccagg gggaaacgcc tggtatcttt 3660 

atagtcctgt cgggtttcgc cacctctgac ttgagcgtcg atttttgtga tgctcgtcag 3720 
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gggggcggag cctatggaaa aacgccagca acgcggcctt tttacggttc ctggcctttt 3780 

gctggccttt tgctcacatg ttctttcctg cgttatcccc tgattctgtg gataaccgta 3840 

ttaccgcctt tgagtgagct gataccgctc gccgcagccg aacgaccgag cgcagcgagt 3 900 

cagtgagcga ggaagcggaa gagcgcccaa tacgcaaacc gcctctcccc gcgcgttggc 3960 

cgattcatta atgcagctgg cacgacaggt ttcccgactg gaaagcgggc agtgagcgca 4 020 

acgcaattaa tgtgagttag ctcactcatt aggcacccca ggctttacac tttatgcttc 4 080 

cggctcgtat gttgtgtgga attgtgagcg gataacaatt tcacacagga aacagctatg 4140 

accatgatta cgccaagctt gcatgcctgc aggtcgactc tagaggatcc ccagcttgca 4200 



4320 
4380 



4620 
4680 



tgcctgcagg tcgaggcatt tgaattgggg gtggtggaca gtaactgtct gtaataataa 4260 
.ttactcctga ccaggttgca attcgagttt tgataagcat aattatacct tgtacattgt 
gggttttgtg ctgtggacgt tttattgtgg acatccccat aagctacaag aaaccaaaaa 
tgaaattaaa agtattgaaa aacgtcgtaa cattttatat ctgagtagta tcctttgctt 4440 
taaatgtcca taaaaataat tttataatca ataaaacaac gtttgtaaat caactgagtt 4500 
tacaagtaga gacattgagg gatactttca ctatgctaaa gtgaataatc gaccaaataa 4560 
taactcactt tggtatttat tcctgtctta taatgttatg tatgaattaa attcatatgc 
atatggctca ctctgacaaa aaaaaataat cttccagatc aatattgact accgatgcgg 
gtggtctttt gctttgaatt ctgctgaact ttacaccccg aacagcaatg tgtgcttcag 4740 
ctaaaaaaaa gtaagtgtgt taatcagtcc ccccgattct tcattttttg cccctctctc 4800 
ccgtttcgtc ggcaaaagaa gagaaaataa agataagtct caagataggt tggtaatcgc 4860 
taaagtggtt gtgtggataa gagtagcaaa atggcaggaa gagcactttg cgcgcacaca 4 920 
ctgtactcat tgttctggat aaaattctct cgttgtttgc cgtcggatgt. ctgcctctct 
gccattgagc cggcttcttc actatcttta gttaacctaa aatgccgttt cttttctcgt 
atcccactat ccgttgaggt tctctgctct cttcgctccc ttaccgccag cgagcaacta 
tccgtggggg cgccttgctc ggaagatggg ggggaagaaa gaagattttt gctatttgca 5160 
cttgagaaag agacttttcc tgcgtcgatg gttagagaac agtgtgcaga cacttttcag 5220 
ctacctagat acatggatat ccccgcctcc caatccaccc acccagggaa aaagaagggc 



4980 
5040 
5100 



5280 



tcgccgaaaa atcaaagtta tctccaggct cgcgcatccc accgagcggt tgacttctct 534 0 
ccaccacttt tcattttaac cctcggggta cgggattggc caaaggaccc aaaggtatgt 5400 
ttcgaatgat actaacataa catagaacat tttcaggagg acccttggct agcgtcgacg 5460 
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<210> 10 
<211> 2251 
^212> DNA 

<213> Caenorhabditis 


elegans 


<400> 10 

yaaLydad <^Lj 


ctgaategge 


eatcgaagcg 


IJLLd LL-UycJL 


r*» /T ii a a r» a 

LCygaCaCLa 


eggaat tcag 


gaut-ccyccg 


aag ceagy 


ttagcaaaaa 


BCdLdC t LLC 


cagteggaga 


caagatccca 


accacca tec 


gtatcga tea 


gtccatcctc 


accgactctg 


tgecaga tee 


acgcgctgtt 


ggaaccaatg 


tcgea tctgg 


aaaggctcgt 


gaaa teggaa 


aga teegtae 


cgaaatggct 


cagaag t tgg 


acgaa t tegg 


agagcaactt 


g t ttgggcta 


tcaaea t tgg 


aeatt tcaae 


ggagcaatct 


aefcac ttcaa 


aatcgccgtt 


ct tccagctg 


tcatcaecac 


gtgccttgcc 


gctattgtaa 


gatcecttcc 


ateegtcgaa 


gacaagatcg 


yaoCCCCCaC 


caecaaccag 


eaagct tcty 


gagacaacau 


caacttcacc 


ccay L.cggaa 


dyyCCLCCaC 


caatggacgt 


tcactcaccg 


agttggccat 


gatctgegct 


gagaccaaga 


agatctacga 


gaaagtcgga 


gctgagaaga 


tgaatgtttt 


cggaacctcg 


ggagtttgca 


accgtgtcat 


ecaacaaaaa 


cgtgatcgta 


aatccatgtc 


cgcctactgc 


atgt tcgtga 


agggageecc 


agaacgagtt 


ggacaaaagq 


ttceaetcac 


ctcteecatg 


tacggaaccg 


gaagagacac 


cettcgttgu 


agcqttagca 


aca.yaacet 


egaagaccct 



40 

5471 



eteaaggaat 


acgaaccaga 


aa tggccaag 


60 


atggtucgcg 


ctaaggaact 


cgtgceagga 


120 


cttttttttt 


taactttcaa 


attttaaacc 


180 


gecgatctcc 


gtcttgtgaa 


gatctactcc 


240 


aceggagaat 


ctgtgtctgt 


tatcaagcac 


300 


aaccaggaca 


agaagaattg 


tctgttctcg 


360 


ggaategtet 


teggaacegg 


a ttgaccact 


420 


gagaccgaga 


atgagaagac 


aecaettcaa 


480 


tccaaggtta 


tetctgttat 


ttgcgttgct 


540 


gatccagctc acggtggatc 


atgggttaag 


600 


getcttgeeg 


tegctgetat 


tccagaagga 


660 


ctcggaaccc geegtatgge 


caagaagaac 


720 


actcttggat 


gcacatctgt 


tatctgetet 


780 


atgtctgtgt 


caaaga tgtt 


catcgctgga 


840 


gagttcgeca 


tctccggatc 


cacctacgag 


900 


gaaatcaacc 


cagctgetgg 


agaa t tcgaa 


you 


atgcgcaatg 


attcatctgt 


tgattacaat 


1020 


gaagccaccg aaactgetet 


tategttett 


1080 


aaagecqgae 


tttcaccaaa 


ggagctcgga 


1140 


tggaagaagg 


agttcacaet 


cgagttctcc 


1200 


ttcccagctt 


ceggaggate 


tggagccaag 


1260 


ctcggaagal 


gcacccacgt 


cagagttaae 


1320 


aetcagaaga 


ttgttgacca 


atgcgtgcaa 


1380 


cttycecxcg 


gaaccatcga 


taceeeagte 


1440 


aeccaatrcg 


tcaaataega 


acaagacate 


lbOO 
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acatttgtcg gagtcgtcgg aatgcttgac cccccaagaa etgaagtttc ggactcgatc 1560 

aaggcttgta accacgctgg aatccgtgtc atcacgatca ccggagacaa caagaacacc 1620 

gctgaggcta tuygaagaag aatcggactc ttcggagaga acgaggatac cactggaaaa 1680 

gcttacactg gacgtgaatt -gacgabctt ccaccagagc aacaatctga agcctgccgc 1740 
agagctaacc ttttcgcccg tgtcgagcca tctcacaagt ccaagattgt cgatatcctt 
caatcccagg gagagattac tgctatgacc ggagacggag tcaacgacgc tccagcttbg 

aagaaggccg aaatcggaat ttctatggga tcaggaactg ctgtcgccaa gtctgcatct 1920 

gaaatggttc ttgctgacga taacttegca tccattgtgt ctgctgtcga agaaggacgt 1980 

gctatttaca acaacatgaa acaattcatc agatatctca " tctcatctaa cgtcggagaa 2040 

gtcgt-.ctcca tcttcatggt cgccgcactc ggaattccag aggctctcat tccagttcaa 2100 

cttctctggg ttaacttggt cactgacggt cttccagcca ctgctctcgg attcaatcca 2160 

ccagatcttg acattatgga cagacatcca cgttcagcca acgatggact catctctgga 2220 
tggctcttct tcagatatcr tgctgtcgga a 

<210> 11 

<211> 732 

<212> DNA 

<213> Caenorhabditis elegans 



2251 



60 



<400> 11 

gaattcgaat cactcaccga gttggccatg atctgcgcta tgtgcaatga- ttcatctgtt 
gattacaatg agaccaagaa gatctacgag aaagtcggag aagccactga aactgctctt 120 
atcgttcttg ctgagaagat gaatgttttc ggaacctcga aagccggact ttcaccaaag 180 
gagcfccggag gagtttgcaa ccgtgtcatc caacaaaaat ggaagaagga gttcacactc 240 
gagttctccc gtgatcgtaa atccatgtcc gcctactgct tcccagcttc cggaggatct 
ggagccaaga tgttcgtgaa gggagcccca gaaggagttc tcggaagatg cacccacgtc 
agagttaacg gacaaaaggt tccactcacc tctgccatga ctcagaagat tgttgaccaa 
tgcgtgcaat acggaaccgg aagagatacc cttcgttgtc ttgccctcgg aaccatcgat 
accccagtca gcgttagcaa catgaacctc gaagactcca cccaattcgt caaatacgaa 
caagacatca catctgtcyg agtcgtcgga atgcttgacc ccccaagaac tgaagtttcg 
gactcgatca aggcLtgtaa ccacgctgga atccgtq-ca tcatgatcac cggagacaac 
aagaacaccg ctgaggctat cggaagaaga atcggaccct tcggagagaa cgaggatacc 720 

732 

actggaaagc tt 



300 
360 
420 
480 
540 
600 
660 
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<210> 12 

<21l> 11207 

<Z12> DNA 

<213> Caenerhabditis elegans 



<400> 12 



ctagttttga 


aatccaaaaa aaaaacaaag ttcaataaaa 


tgttacccaa 


ttgtgcgatt 


60 


tttgctttaa 


aaatacggta cccggtctcg atgcggcaat 


tgtttggtaa 


atgtaaaagg 


120 


gtgtgcgcct 


ttaaagagta ctgtaatttc aatcttccga 


cactgctgaa 


ttbttattga ' 


180 


ctttttgttc 


attaatttta tatatgattt attggtatgt 


taaaaaaaca 


cccattttca 


240 


aatctattaa 


aattccacaa caacaaaagt tcgagattac agtacttttt 


agaggcgcac 


300 


atccttttfcg 


ggatactaaa caattgtcgc gtcgagacca 


ggtaccatat 


ttccaaaaca 


360 


caatttcgcg 


tgtaaataaa aaacatcaac ataataattt 


ccatttttcg 


aaatttaaag 


420 


ttaatcactt 


tttggtttag attatgattc cacacgtttt 


tttccttcta 


gttctctttt 


480 


ttttgttatt tgcctgaaaa atggtctgaa aacttaggca 


atcagcaatg 


tgtcacataa 


540 


tttctcccag 


agaaatccct ttcaacaaaa tctcccggat 


tgacctgtgt 


gctcgacctt 


600 


gataaattgg ttggcagctc tctggcttat cttttgagag gaaaaagatc 


caacaaatt t 


660 


ttatctccct 


tatccctttc tctcttcatc actaccaata 


ataatagttt 


tttttttcgt 


720 


cgcggaagca 


aaatggcgaa caagtgttgg aataagagta 


ctccagggat 


ttaaqqqctg 


780 


aaagccagtg 


atttatgagc tccaattttt cagatgtttt 


ttcctccatc 


gcgtatttgt 


840 


ctaaacattc gattttcttc ctgcttccca acttttcaaa 


tcgaaataaa 


agagcatctg 


900 


tcgcttttta tcgatgtgct tctgtgagac taaagaacta 


ctcgttttca 


ctcgttctct 


960 


ctctctcaac 


tatcaaagtt ttgttgatcg cgtgtgtcag 


cttccttctt 


tttattatca 


1020 


tcttttcatt 


ggaggaaaaa aataacttct gaagagcaaa 


agaactaact 


Lk«yy y yoo u a. 


1080 


cagagaaaat 


tcctgtaaaa atctggaaat tttttcgctt 


aactcgaaat 


atttagtttt 


1140 


tcactgtgat 


ttctgggaaa aatcaagaaa tatttgccta 


aaacacgagt 


tttcacatga 


1200 


aaaatgaatt 


atttattgat tttttatgga gattacaaaa 


aagacacacg 


tgaaactact 


1260 


gctaccgtag 


ttgtgtaaac gtagtgttct ctattttaga 


cctgtttaat 


gtattttttt 


1320 


gcagttgaaa 


atttttaaaa atattttagt tatttttaaa 


aatatttaat 


ttacaaaata 


1380 


attagcctga 


acccatgaaa agatacgtta tacttaactt 


tcaccgtaag 


actttcaaga 


1440 


tcgtcgcgag 


acccggcgcc caggteaaag. agcetccctt 


taaacccatc 


aacacgtttt 


1500 


gcctfctttca 


tcgatttttt gcagtcctti tcttctttcc 


aactgatttt 


tcttcatttt 


15GG 
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taaagttttfc 


ttcetcattt 


ttcccatttg 


aaattattta 


aacaegtgea 


accagctggt 


1620 


aacatytgtc 


aca tgccgtt 


atctaacttc 


aaaacagtac 


atttccgatc 


acacgtcccc 


1680 


cgcgccgagt 


tttatagtt*: 


cattaataac 


ttttcggtitt 


ttgataatac 


taattgagtt 


1740 


ttattaattg 


tttccatatt 


catctagcac 


tttgacctg- 


ccttcttcga 


attctcaaat 


1800 


atttgcactc 


tgggtttagg 


tgtgaaaaga 


attgtegtea 


ttaagcgggg 


catccggggc 


18 60 


accgaaaaaa 


gccctccgat 


tttaacgaat 


ttgagataaa 


gttggagaga 


gageccagtg 


1920 


tttgcttgcc 


eaagatatat 


atcttggatt 


tatcaattac 


tgtttgtcaa 


cctgtcgccg 


1980 


gcgccccctt 


tttgctcttg 


ctcccacgcc 


ccgagattga 


atttcaattt 


tatttcgaag 


2040 


taagtctctt 


gattytt teg 


aaaatccgat 


gacagttttc 


attacttttt 


tgtctgttga 


2100 


ttttgtaggg 


aaacattgaa 


atttttctga 


tetttefcttg 


atcbtatgat 


ttttcattta 


2160 


ttccaattaa 


aaaaaattag 


egcattcaya 


sccagagtga 


agcttgagat 


gttgtaggtt 


2220 


tafccaaaaga 


tcaaaatcte 


gaat tccttc 


gaaatgtttt 


tagttttcga 


cttccgtgtg 


2280 


atttctagcg 


atcctgacag 


agatcactga 


attttaatgt 


ta tcgagatt 


gt tgtgtagg 


2340 


ctccatctcc 


tctctgaagc 


ttctgatttt 


gecgaaagtc 


tagttacttg 


ccgactgctg 


2400 


acactaggat 


atcccactac 


cgtacccatt 


gttggatcc'g 


tactctgetg 


cgacttcttc 


2460 


tctgtttcac 


gtgaacctcc 


gggategteg 


gtaagccccg 


eccgttatct 


ghgecaaett 


2520 


gtcttcgtgc 


cctcgagcga 


cgagctcatt 


caatcacgcc 


acgacctccg 


tctggacaga 


2580 


tgctctcatt 


gtctctgcgt 


ctccaagtat 


tcgtcacact 


atetcatgea 


ttctattcaa 


2640 


aacgcgagag 


aaagcgcggg 


aacgagagag 


agttcagaca 


gatcgaactt 


gtttttatcc 


2700 


ccccccccct 


cgtccggctg 


cagagcaaaa 


aaatactget 


tttccttgea 


aaattcggtg 


2760 


ctttcttcaa 


agagaaactt 


ttgaagtegg 


"cgegagcatt 


tccttctttg 


acttctctct 


2820 


ttccgccaaa 


aagectagea 


tttttattga 


taatttgatt 


acacacactc 


agagttcttc 


2880 


gacatgataa 


agtgtttcat 


tggcactcgc 


cctaacagtra 


catgacaagg 


geggattatt 


2940 


atcgatcga t 


attgaagaea 


aactccaaa t 


gtgtgctcat 


t ttggagccc 


cgtgtggggc 


3000 


agctgctctc 


aatacattac 


tagggagacg 


aggaggggga 


ccttateyaa 


cgtcgcatya 


3060 


gccattcttt 


cttctttatg 


cactctcttc 


actctctcac 


acattaatcg 


at tcatagac 


3120 


tcecatattc 


cttyatgaag 


y ty tyggttt 


ttagcttttt 


ttcccyattt 


gtaaaaggaa 


3180 


gagyctgacg 


atgttaggaa 


aaagagaacg 


gagecgaaaa 


aacatcegta 


gtaagtcttc 


3240 


cttttaagcc 


gacactttct 


agacagcatt 


cgccyctayt 


tttgaagttt 


aaattttaaa 


3300 


aaataaaaat 


tagtttcaat 


tttttttaat 


tactaaatag 


gcaaaagctt 


tttcaagaac 


3360 



WO 02/33405 



44 



PCTYIB01/02391 



3420 
34 80 



3900 
3960 
4020 
4080 



tctagaaaaa ctagcttaat tcatgggtac tagaaaaatt cttgttttaa atttaatatt 
tatcttaaga tgtaattacg agaagctttt ttgaaaattc tcaattaaaa gaatttgccg 
atttagaata aaagtcttca gaaatgagta aaagctcaaa ttagaagttt gttfcttaaag 3540 
gaaaaacacg aaaaaagaac actatttatc ttttcctccc cgcgtaaaat tagttgttgt 3600 
gataatagtg atccgctgtc tatttgcact cggctcttca caccgtgctt cctctcactt 3660 
gacccaacag gaaaaaaaaa catcacgtct gagacggtga attgccttat caagagcgtc 3720 
gtctctttca cccagtaaca aaaaaaattt ggtttcttta ctttatattt atgtaggtca 3780 
caaaaaaaaa gtgatgcagt tttgtgggtc ggttgtctcc acaccacctc cgcctccagc 3840 
agcacacaat catcttcgtg tgttctcgac gattccttgt atgccgcggt cgtgaatgca 
ccacattcga cgcgcaacta cacaccacac tcactttcgg tggtattact acacgtcatc 
gttgttcgta gtctcccgct ctttcgtccc cactcactcc tcattattcc ccttggtgta 
ttgatttttt ttaaatggta caccactcct gacgtttcca ccttcttgtt ttccgtccat 
ttagatttta tctggaaatt tttttaaaat tttaggccag agagttctag ttcttgttct 4140 
aaaagtctag gtcagacata cattttctat ttctcatcaa aaaaaaagtt gataaagaaa 4200 
actggttatt cagaaagagt gtgtctcgtt gaaattgatt caaaaaaaaa ttcccacccc 4260 
tcgcttgttt ctcaaaatat gagatcaacg gattttttcc ttctcgattc aattttttgc 4320 
tgcgctctgt ctgccaaagt gtgtgtgtcc gagcaaaaga tgagagaatt tacaaacaga 4380 
aatgaaaaaa agttggccaa ataatgaagt tttatccgag attgatggga aagatattaa 4440 
tgttctttac ggtttggagg ggagagagag atagattttc gcatcaaact ccgcctttta 4500 
catgtctttt agaatctaaa atagattttt ctcatcattt ttaatagaaa atcgagaaat 4560 
tacagtaatt ccgcaatttt cttgccaaaa atacacgaaa tttgtgggtc tcgccacgat 4620 
ctcggtctta gtggttcatt tggtttaaaa gtttataaaa tttcaaattc tagtgtttaa 
tttccgcata attggaccta aaatgggttt ttgtcatcat cttcaacaag aaatcgtgaa 
aatcctgttg tttcgcaatt ttcttttcaa aaatacacga aatatatggt aatttcccga 
aatattgagg gtctcgccac gatttcagtc acagtggcca ggatttatca cgaaaaaagt 
tcgcctagtc tcacatttcc ggaaaaccga atctaaatta gttttttgtc atcattttga 4920 
acaaaaaatc gagacatccc tatagtttcg caattttcgt cgcttttctc tccaaaaatg 4980 
acagtctaga attaaaattc gctggaaccg ggaccatgat atcttttctc cccgtttttc 
atcctatttt ttattacact ggatcgacta aaggtcacca ecaccgccag egtgtgceat 



4680 
4740 
4800 
4860 



5040 
5100 
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atcacacaca 


cacacacaca 


caatgtcgag 


attctatgcg 


bbatcccbgc 


bbgattbcgt 


5160 


tccgttgtct 


ctetcbcbct 


atccatcttt 


tgagccgaga 


agctccagag 


aabggagcac 


5220 


acaggabccc 


ggcgcgcgat 


gtcgbcggga 


gatggcgccg 


ccbgggaagc 


cgccgagaga 


5280 


tatcagggaa gatcgbcbga 


bbbcbccbcg 


gabgccacct 


cabebcbcga gbbbcbccgc 


5340 


ctgttactcc 


cbgccgaacc 


tgatatttcc 


cgbbgtcgta 


aagagatgbb 


tbtatbbbac 


5400 


tttacaccgg gbcctcbctc 


tctgccagca 


cagctcagtg 


ttggctgbgt 


gcbcgggcbc 


5460 


ctgccaccgg cggcctcatc 


bbcbbcbtcb 


tcttctctcc 


bgctctcgct 


babcacfcbcb 


5520 


tcattcattc 


ttattccttt 


fccatcatcaa 


acbagcatbt 


ctbactbbab 


btabbbbtbt 


5580 


caattttcaa 


ttttcagata 


aaaccaaact 


acbbgggbba 


cagccgtcaa 


cabggaggac 


5640 


gcgcatgcca 


aagacgccaa 


tgaggtactt 


btatagtttb 


taaatbbbag 


bbtbtaatac 


5700 


aatttatttt 


ccaggtgtgc 


aaabbcttcg gaacgggtcc 


ggagggabtg actccacagc 


5760 


aagbbgaaac 


attgaggaac aaatatggag aaaatggttg gttttttaca 


bggatbbctc 


5820 


abtaaaaabb 


gaatbttttc 


cagaaatgcc 


cgccgaagag 


ggaaaatcac 


bgbgggagcb 


5880 


gabbcbcgag 


caatbcgaeq 


atcttctcgt 


caagabbctc 


cbccbcgccg 


ccabcabctc 


5940 


gtttgtgctc 


gcccttttcg 


aagagcacga 


agabcagaca 


gaagcagbga 


cggcgtbcgb 


6000 


cgaaccgttc 


gtcatccttc 


tcattcttat 


bgccaacgcg 


accgtcggag 


bgbggcaggb 


6060 


aggaacaaca 


cagacaggcg 


cacgcgctga 


aagaaaataa 


gaagaagaag 


aaaaagcaca 


6120 


gttgttttct gtgtttttgt agatcaaaag aaaggaacba ggagtgattg 


cacagagaga 


6180 


gagagagaga aataatgtct 


bbbtgacbtg tttttgttgg 


tgagagagat 


agggaaaaag 


6240 


agtccctaaa 


gaaaaaatag 


tgtaacgggc 


ggtccggaag 


aaabgctcbt 


tgcgccgaaa 


6300 


agtttttgaa 


aaaagaagaa 


aatgatgaag gaaaggcgtg 


cgbcabgagc 


tbcgcatbba 


6360 


cgtacgcaaa 


aagtgaggga 


tatgtgaaaa 


agabatbggg 


tgatagaata 


gtbgabggab 


6420 


tgggctgcac 


tatttgcctc 


aatttgccac 


aaabbtccat 


ctaabtbgbc 


abaabbbbcc 


6480 


aggaacgaaa 


bgcbgaabcg gccatcgaag cgctcaagga 


abacgaacca 


gaaatggcca 


6540 


aggbcatccg 


atccggacac 


cacggaabtc 


agabggbbcg 


cgctaaggaa 


ctcgbgccag 


6600 


gagabcbbgt 


egaagbbtca 


ggbbagcaaa 


aacbttcbbt 


btbaacbbbc 


aaabttbaaa 


6660 


cca tacattt 


ttcagtcgga 


gacaagatcc 


cagccgabcb 


ccgtctbgbg 


aagatcbact 


6720 


'jcaccacca t 


ecgtatcgab 


cagtcca tec 


bcaccggaga 


acctgtgtct 


gbtatcaagc 


6780 


acaccgactc 


bgbgceagat 


ccacgcgctg 


ttaaccagga 


caagaagaat 


bgbcbgttcb 


6840 


cyggaareaa 


bgtcgcatct 


ggaaaggctc 


qtggaatcgb 


cc tcggaacc 


ggattyacca 


6900 
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ctgaaatcgg 


aaagatccgt 


accgaaatgg 


etigagaeega 


gaatgagaag 


acaccacttc 


'i960 


aacagaagtt 


ggacgaattc 


qqaqaqcaac 


tttccaaggt 


tatctctgtt 


atttgcgttg 


7 020 


ctgt t tgggc 


ta tcaacatt 


ggacat ttca 


acgatccagc 


tcacqgtgga 


tcatgggt ta 


7080 


aaaoaocaat 


ctactacttc 


aaaatcgccg 


ttgctcttgc 


egtegctget 


attccagaag 


"7140 


gacttccagc 


tgtcatcacc 


acqtqect tq 


ccctcggaac 


tegcegtatg 


gecaagaaga 


7200 


acgctattgfc 


aaga tccctt 


cca teegteg 


aaactcttgg 


atgeaca tct 


gttatctget 


7260 


ctgacaagac 


tggaactctc 


accaccaacc 


agatgtctgt 


gtcaaagatg 


ttcatcgctg 


7320 


gacaagcttc 


tggagacaac 


a tcaacttca 


ccgagt tege 


ca tetcegga 


tccacctacg 


7380 


agccag tcgg 


aaaggt ttcc 


accaatggac 


gtgaaa tcaa 


cccagctgct 


gqaqaat tcq 


7440 


aatcac tcac 


cgagttggcc 


ataatctacq 


eta tgtgcaa 


tgat tcatct 


gttga t taca 


7500 


atoraoaccaa 


aaaaatctac 


gagaaagtcg 


gagaagecac 


tgaaactget 


ct tategtte 


7560 


ttactoaoaa 


aataaa tat t 


t teggaaect 


egaaagcegg 


ac tttcacca 


aaggagctcq 


7620 


aaaaaafctta 


caaccg tgtc 


a tccaacaaa 


aa taaaaoaa 


aaaattcaca 


ctcgagt tct 


7680 


cc cat oa tea 


fc aaa tcca tg 


tccgcctac t 


gc t tcccagc 


t tccaaaoaa 


tc tggageca 


7740 


aga tg t teg t 


gaagggagee 


ccagaaggag 


ttc teggaag 


atgcacccac 


qtcaqaqt ta 


7800 


aeggacaaaa 


ggt tccactc 


acctc tgeca 


tgactcagaa 


ga t tgt tga c 


caa tqcqtqc 


7860 






acccthcah t 

t* V— X* V- U- W ^ V* 


atcttaccct 


eggaacca tc 


ga taccccag 


7920 






ctcaaaoact 


chacccaa*" t 


eg t caaatac 


aaacaaoacc 


7980 


tcaca \~ fc tat 


eggagtegtc 


ggaa tgett g 


accccccaag 


aactgaag t t 


t eggae tcga 


8040 


tcaaggct tg 


t aaccacgcfc 


qqaa tccqtq 


tcatcatga t 


caccggagac 


aacaagaaca 


8100 


ccac taaaac 


ta teggaaga 


agaa teggae 


tct teggaga 


aaacqaqqa t 


accactggaa 


8160 


aagcttacac 


tggacg tgaa 


1 1 tgacgatc 


t tccaccaaa 


gcaacaatct 


gaagect gec 


8220 


acaaaactaa 


nr^ 1 1 1 CQCC 


catatcaaac 


ca tc tcacaa 


gtccaaga 1 1 


g tcgatatcc 


8290 


ttcaatccca 


gggagagatt 


actgetatga 


ceggagaegg 


aqtcaacgac 


gctccagctt 


8340 


tgaagaaggc 


egaaategga 


atttctatgg 


gatcaggaac 


tgctgtcgcc 


aagtctgeat 


8400 


ctgaaatggt 


tettgetgae 


gataacttcg 


catccattgc 


gtctgctgtc 


gaagaaggac 


8460 


gtgetattta 


caacaacatg 


aaacaatcca 


tcagatatct 


catctcatct 


aacgtcgqag 


8520 


aagtegtetc 


catcttcatg 


gtcgccgcac 


teggaattec 


agaggctctc 


attccagttc 


8580 


aactt'ctecj 


ggttaacttg 


gtcactgacg 


sitct tccagc 


cactgctctc 


ggattcaatc 


8640 
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caccagatct 


tgacattatg 


gaeagacatc 


cacgttcagc 


caacgatgga 


ctcatctctg 


8700 


ga tggctctt 


cttcagatat 


cttgctgtcg 


gaagtacgut 


taaaaaattc 


ccctaaaaaa 


8760 


gtataattct 


aaaattgaaa 


ttttccagcc 


tacgtcggag 


ttgccacegt 


cggagcctca 


8820 


atgtggtggt 


tcttgttgta 


cgaggaggga 


ccacagatca 


cctactacca 


gctcactcac 


8880 


tggatgagat 


gtgaaatcga 


gccagacaac 


ttnqccga tc 


t tgactgcgc 


cgtattcgag 


8940 


gacaatcacc 


cgaacgccat 


ggctctgtcc 


gtgcttgtca 


ccattgagat 


gctcaacgcc 


9000 


atcaactcac 


tttccgagaa 


tcaatcgctt 


ttagtgatgc 


caccatggaa 


gaacatctgg 


9060 


ctgatggccg 


ccatttccct 


ttegatgtct 


cttcactttg 


tcattctcta 


cgttgacatc 


9120 


atggccacca 


tcttccaggt 


atcacaatta 


a tea t a tat t 


aatcgaaaca 


tctaattcaa 


9180 


atcttcagat 


cacccctctc 


aactgggtcg 


aatggatcgc 


cgtgttgaag 


atctcactgc 


9240 


cagtgctcct 


tctcgatgaa 


attctcaagt 


tcatcgccag 


aaactacatc 


gacggtaagc 


9300 


cggagacggt 


cggcgcgaag 


gcacgtagtg 


ccatctcgcc 


gctcgcctgg 


gtgtctgtga 


9360 


cgctcgccta 


ctttgcgtgg 


atgttgggcc 


cgtacgccga 


gctcattaac 


catgcgctcg 


9420 


tcggtccatc 


tgfccgatccg 


tcgaaattcg 


acgcggttgt 


cacgcccgac 


aagttacata 


9480 


acgaattgtg 


attgaagttc 


ttctaacccc 


caaaccaacc 


gcctctcaaa 


caacttgtga 


9540 


tgatttctct 


ttattttctc 


tctctttctt 


gttctaatca 


ttttgggcct 


ttttcccttt 


9600 


ttctctctgc 


agtgtgttaa 


ctgatccata 


atccttcgtg 


taaacccccc 


tctccctact 


9660 


ttfcaggattt 


cttcctcgct 


gctcattgta 


ttttgtccaa 


atcgccacaa 


cttccctaca 


9720 


aatatatatg 


tcttttttgc 


taattttttg 


tgtttccctt 


ccttcttgtc 


cactgaaagt 


9780 


tctacgtctc 


tcgctctcca 


catccccatt 


gttctcccct 


tttttcataa 


taatttatta 


9840 


ttatcctttt 


tttaaattaa 


tttttgttgc 


gtutgaatct 


attaggagct 


cacaaataaa • 


9900 


agtgatcctt 


taaaaaacct 


tacttccttc 


tgttttttct 


ctaacctaac 


caatgtgtct 


9960 


gtccagggag 


tgcctctbtt 


ccttaccgaa 


tggtgtguaa 


ttttgtcgac 


tgtcgatctc 


10020 


gtccatggca 


atgcaggatt 


tgaaactaaa 


tttccctgga 


aaaagaaata 


attttggtga 


10080 


ttttcagttg 


aagctccaat 


caaggataaa 


cgcgactaaa 


aatgacagtg 


ctccctcaat 


10140 


cagagtgagc 


ccagccgccg 


cccatctcat 


ttttcagaci 


cttteatatt 


ttctaagttt 


10200 


tccaatcttt 


tttcttttgt 


agtgcgatcg 


ttttcgtttc 


gagacccgaa 


atcgaaagga 


10260 


tctcttttag 


agatccttag 


gatctttttt 


ctttgctcaa 


ctcatcattc 


tttgtttttt 


10320 


cttctatatc 


ctcttgttga 


cggtgatcag 


acaaatttgt 


tagaaatatt 


attacatttc 


10380 


ctttag»j^tt 


cttccatcau 


aaaaaaagaa 


aactLetgct 


aaattcgtgt 


acgttgtctc 


10440 
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tcccatctct 


cattaaaaat 


cgatattaat fcgtaattttt ggtttgtcct ccagtgtcgt 


10500 


gtgcgccatc 


gatggaaata 


aaaaagtttc aaaactatita 


tagcttttct 


ttttatgaaa 


10560 


aatataaaat 


acaattagaa 


tgtttttgtt 


aaa tgcgata 


cggtgtgcgc 


ctttaaagag 


10620 


tagagtactg 


tagttccaaa 


attfctgtfcgg 


tgcgggattt 


tcattgattt 


tfccatcgttt 


10680 


ttcgacaaaa 


atatatttat ttattgaaaa aagttaaata 


aaactattaa 


aaacacagaa 


10740 


tttttaacaa 


attgtgaaaa 


acacatgaaa aatcgatgac aattctacag taacgaacat 


10800 


tttgaattac agtaatcttt aaaggcgcgc acacgtttgc 


atttaattaa 


aatgtgtcgt 


10860 


gtcgagaccg 


actaccacgt 


ctcgttatta 


tagaacgagc 


aattacagcc 


taacatcaac 


10920 


tcagaacaaa 


ccaggatccc 


acgcaagttt 


aaaggagcat 


gctgggtatc 


acaacgattt 


10980 


tttgaagaga 


acgaggcccc 


acgaaacggg 


gagcagaacg 


aaaaggggat 


ctgcaaaaag 


11040 


gggatctgca aaaaggggat ctgcgaaaag gggagatatg aaaaggggag atacgaaaag 


11100 


gggagctggc 


actgtgccaa 


acqcacaaaa 


cgcaattttt 


ctcacgcaac 


gcacgttgat 


11160 


ttttgaaatt 


ttcttctaga 


agatacgctt aacaacacgc gacgcgg 




11207 


<210> 13 
<211> 5026 
<212> DNA 

<213> Caenorhabditis 


elegans 










<400> 13 
ttggttggca 


gctctctggc 


btatcttttg agaggaaaaa 


gatccaacaa 


atttttatct 


60 


cccttatccc 


tttttctctt 


catcactacc 


aataataata 


gttttttttt 


tcgtcgcgga 


120 


agcaaaatgg 


cgaacaagtg 


ttggaataag 


agtactccag 


ggatttaagg 


gctgaaagcc 


180 


agtgatttat 


gagctccaat 


ttttcagatg 


ttttttcctc 


ca tcgcgtat 


ttgtctaaac 


240 


attcgatttt 


cttcctgctt 


cccaactttt 


caaatcgaaa 


taaaagagca 


tctgtcgctt 


300 


tttatcgatg 


tgcttctgtg 


agactaaaga 


actacccgcc 


ttcactcgtt 


ctctctctct 


360 


caactatcaa 


agtttcgttg 


attgcgtgtg 


tcagcttcct 


tctttttatt 


atcatctttt 


420 


cattggagga 


aaaaaataac 


ttctgaagag 


caaaagaact 


aacttcgggg 


aatacagaga 


480 


aaattcctgt 


aaaaatctqg 


aaattttttc 


gcttaactcg 


aaatatctag 


tttctcaccg 


540 


tgat ttctgg 


gaaaaatcaa 


qaaacatttg 


cctaaaacec 


uagttttcae 


a tgaaaaa tg 


600 


aattatttat 


tgacttttta 


tygagattac 


aaaaaayaca 


cacgtgaaae 


tactgctacc 


660 


gtagttgtgt 


aaacgtagrg 


ttctctattt 


tagacctgtt 


taatgtac tt 


ttctgcagtc 


7 20 


gaaaattt It 


aaaaatattt 


tagttatttl 


taaaaatatt 


taatttacaa 


aataattagc 


7 BO 
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ctgaaccca t 


gaaaagatac gttatattta atttttaccg 


taagactttc 


aagatcgttg 


840 


cgayacccgg 


cgcctaggtc 


aaagagcctc cctttaaacc 


catcaacacg 


ttttgcctfct 


900 


1" hrahcoa 1 1 


ttttgcagtt 


cttttcttct ttccaactga 


tttttcttca 


tttttaaagt 


960 


ttttl" tcctc 


atttttccca 


tttgaaalita tttaaacacg 


tgcaaccagc 


tggtaaca tg 


1020 


tgtcacatgc 


cgttatctaa 


cttcaaaaca gtacatttcc gatcacacgt cccccgcgcc 


^ 1080 


gagttttata 


gtttcattaa 


taacttttcg gtttttgata 


atactaattg 


agttttatta 


1140 


attgtttcca 


tattcatcta gcactttgac ctgtccttct 


tcgaattctc 


aaatatttgc 


1200 


actctgggtt 


taggtgtgaa 


aagaattgtc gtcattaagc 


ggggcatccg 


gggcaccgaa 


1260 


aaaagccctc 


cgattttaac 


gaatttgaga taaagttgga 


gagagagccc 


agtgtttgct 


1320 


tgcccaagat atatatcttg gatttatcaa ttactgtttg 


tcaacctgtc 


gccggcgccc 


1380 


cctttttgct 


cttgctccca 


cgccccgaga ttgaacttca 


attttatttc gaagtaagtc 


1440 


tcttgattgt 


ttcgaaaatc 


cgatgacagt tttcattact 


tttttgtctg 


ttgattttgt 


1500 


agggaaacat 


tgaaattttt 


ctgatctttc tttgatctta 


tgatttttea 


tttat tccaa 


1560 


ttaaaaaaaa 


ttagcgcatt 


cagaaccaga gtgaagcttg 


agatgttgta 


ggtttatcaa 


1620 


aagatcaaaa 


tctcgaat 4 cc 


cttcgaaatg tttttagttt 


tcgacttccg 


tgtgatttct 


1680 


agcgatcctg acagagatca 


ctgaatttta atgttatcga 


gat tgttgtg 


taggctccat 


1740 


ctcctctctg 


aagcttctga 


ttttgccgaa agtctagtta 


cttgccgact 


gctgacacta 


1800 


ggatatccca 


ctaccgtacc 


cattgttgga tccgtactct gctgcgactt 


cttctctgtt 


1860 


tcacgtgaac 


ctccgggafcc gtcggtaagc cccgcccgtt 


atctgtgcca 


acttgtcttc 


1920 


gtgccctcga 


gcgacgagct 


cattcaatca cgccacgacc 


tccgtctgga cagatgctct 


1980 


cattgtctct 


gcgtctccaa 


gtattcgtca cactatctca 


tgcattctat 


tcaaaacgcg 


2040 


agagaaagcg 


cgggaacgag 


agagagttca gacagatcga 


acttgttttt 


atcccccccc 


2100 


ccctcgtccg 


gctgcagagc 


aaaaaaatac tgcttttcct 


tgcaaaattc 


ggtgctttct 


2160 


tcaaagagaa 


acttttgaay 


tcggcgcgag catttccttc 


tttgacttct 


ctctttccgc 




caaaaagcct agcattttta ttgataattt gattacacac actcagagtt 


cttcgacatg 


2280 


ataaagtgtt 


tcattggcac 


tcgccctaac agtacatgac aagggcggac 


tattatcgat 


2340 


cgatattgaa 


gacaaactcc 


aaatgtgtyc tcattttgga 


gccccgtgtg 


yggcagctgc 


2400 


tctcaatata 


ttactaggga 


gacgaggagg gggaccttat 


egaacgtcgc 


atgagccatt 


2460 


ctttcttctt 


tatgcactct 


cttcactctc tcacacatta 


atcgattcat 


agactcccat 


2520 
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attccttgat 
gacgatgtta 
agccgacact 
aaattagttt 
aaaactagct 
aagatgfcaat 
aatzaaaagtc 
cacgaaaaaa 
agtgatccgc 
acaggaaaaa 
ttcacccagt 
aaaagtgatg 
caat'jatctt 
tcgacgcgca 
cgtagtctcc 
ttttttaaat 
tttatctgga 
ctaggtcaga 
tattcagaaa 
gtttctcaaa 
ctgtctgcca 
aaaaagttgg 
ttacggtttg 
ttttagaatc 
aatttcgcaa 
cttagtggtt 
ca taatrtgga 
gttgtttcgc 
gagggtetcy 
agtccca-Jdt 



gaaggtgtgg 
ggaaaaagag 
ttttagacag 
caattttttt 
taattcatgg 
tacgagaagc 
ttcagaaatg 
gaacactatt 
tgtctatttg 
aaaacatcae 
aacaaaaaaa 
cagttttgcy 
cgtctgttct 
actacacacc 
cgctctttcg 
ggtacaccac 
aattttttta 
catacatttt 
gagtgtgtct 
atatgagatc 
aagtgtgtgt 
ccaaataatg 
gaggggagag 
taaaatagat 
ttttcttgcc 
catttggttt 
cctaaaatgg 
aatcttcttt 
ecacgatttc 
ttccggaaaa 



gttfcttagct 
aacggagccg 
cattcgccgc 
taattactaa 
gtactagaaa 
ttttttgaaa 
agtaaaagct 
tatcttttcc 
cactcggcfcc 
gtctgagacg 
atttggtttc 
ggtcggttgt 
cgacgattcc 
acactcactt 
tccccactca 
tcctgacgtt 
aaattttagg 
ctatttctca 
cgttgaaatt 
aacggatttt 
gtccgagcaa 
aagttttatc 
agagatagat 
ttttctcatc 
aaaaatacac 
aaaagttfcat 
gtttttgtca 
tcaaaaatac 
agtcacagtg 
ccgaatctaa 



ttttfctcccg 
aaaaaaca tc 
tagtt ttgaa 
ataggcaaaa 
aattctrigtt 
attctcaatt 
caaattagaa 
tccccgcgta 
ttcacaccgt 
g::gaattgcc 
tctactttat 
ctccacacca 
ttgtatgccg 
tcggtggfcat 
ctcctcatta 
tctacctcct 
ccagagagtt 
tcaaaaaaaa 
gattcaaaaa 
ttccttctcg 
aagatgaqag 
cgagattgat 
tttcgcatca 
atttttaata 
gaaatttgtg 
aaaatttcaa 
tcattttcaa 
acgaaatata 
gccaggdu tt 
actagttttt 



atttgtaaaa 
cgtagtaagt 
gtttaaattt 
gttttttcaa 
ttaaatttaa 
aaaagaattt 
gtttgttttt 
aaat tagttg 
gcttcctctc 
ttatcaagag 
atttatgtag 
cctccgcctc 
cggtcgtgaa 
tactacacgt 
ttccccttgg 
tgttttccgt 
ctagttctcg 
agttgataaa 
aaaattccca 
attcaatttt 
aatttacaaa 
gggaaagata 
aactccgcct 
gaaaatcgag 
ggtctcgcca 
attctagtgt 
caagaaatcg 
tggtaatttc 
atcacgaaaa 
tgtcatcatt 



ggaagaggct 
cttcctttta 
taaaaaataa 
gaactctaga 
tatttatctt 
gccgatt tag 
aaaggaaaaa 
ttgtgataat 
acttgaccca 
cgtcgtctct 
gtcacaaaaa 
cagcagcaca 
tgcaccacat 
catcgttgtt 
tgtattgatt 
ccatttagat 
ttctaaaagt 
gaaaactggt 
cccctcgctt 
ttgctgcgct 
cagaaatgaa 
ttaatgttct 
tttacatgtc 
aaattacagt 
cgatctcggt 
ttaatttccg 
tgaaaatcct 
ccgaaatat t 
aagttcgcct 
ttgaacaaaa 



2580 
2640 
2700 
2760 
2820 
2880 
2940 
3000 
3060 
3120 
3180 
3240 
3300 
3360 
3420 
3480 
'3540 
3600 
3660 
3720 
3780 
3840 
3900 
39*50 
4020 
4080 
4140 
4200 
4260 
4 320 
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aa tc^agaca 


tcccta tagt 


ttcgcaattt 


tcgtcgcttt 


tctctccaaa 


aatgacagtc 


4380 


tagaa t taaa 


a t tcgctgga 


actgggacca 


tgatatcttt 


tctccccg*:t 


tttcatttta 


4440 


t-fctiit batta 

I— ^ — — ~ CJ — — 


cactgga t tg 


actaaaggtc 


accaccaccg 


ccagtgtgtg 


ccatatcaca 


4500 




cacacaafcyt 


cgagatttta 


tgtgttatcc 


ctgcttgatt 


tcgttccgtt 


4560 




c tc ta K t ca t 


cttttgagcc 


gagaagctcc 


aqagaatgga 


gcacacagga 


4620 




cgatg tcgtc 


gggagatggc 


gccgcctggg 


aagccgccga 


gagatatcag 


4680 


ggaagatcgt 


ctgatttctc 


ctcggatgcc 


acctcatctc 


tcgagtttct 


ccgcctgtta 


4740 


ctccctgccg 


aacctgatat 


ttcccgttgt 


cgtaaagaga 


tgtttttatt 


ttactttaca 


4800 


ccgggtcctc 


tctctctgcc 


agcacagctc 


agtgttggct 


gtgtgctcgg 


gctcctgcca 


4860 


ccggcggcct 


catcttcttc 


ttcttcttct 


ctcctgctct 


cgcttatcac 


ttcttcattc 


4920 


attcttattc 


cttttcatca 


tcaaactagc 


atttcttact 


ttacttattt 


ttttcaattt 


4980 


tcaattttca 


gataaaacca 


aactacttgg 


gttacagccg 


tcaaca 




5026 


<210> 14 
<211> 2915 
<212> DNA 

<213> Caenorhabditis 


elegans 










<400> 14 
ctgcagagca 


aaaaaatact gcttttcctt gcaaaattcg 


gtgctttctt 


caaagagaaa 


60 


cttttgaagt 


cggcgcgagc 


atttccttct 


ttgacttctc 


t.ctttccgcc 


aaaaagccta 


120 


gcatttttat 


tgataatttg 


attacacaca 


ctcagagttc 


ttcgacatga 


taaagtgttt 


180 


cattggcact 


cgccctaaca 


gtacatgaca 


agggcggatt 


attatcgatc 


gatattgaag 


240 


acaaactcca 


aatgtgtgct 


cattttggag ccccgtgtgg ggcagctgct 


ctcaatat-at 


300 


tactagggag 


acgaggaggg 


ggaccttatc gaacgtcgca 


tgagccattc 


tttcttcttt 


360 


atgcactctc 


ttcactctct 


cacacattaa 


tcgactcata 


gactcccata 


tbccttgatg 


420 


aaggtgtggg 


tttttagctt 


tttttcccga 


tttgtaaaag 


gaagaggctg 


acgatgttag 


480 


gaaaaagaga 


acggagccga 


aaaaacatcc 


gcagtaagtc 


ttccttttaa 


gccgacac 1 1 


540 


tttagacagc 


attcgccgct 


agttttgaag 


ttcaaattut 


aaaaaataaa 


aattagcccc 


600 


aatttttttt 


aattactaaa 


taggcaaaag 


ttttttcaag 


aactctagaa 


oaactagctt 


660 


aattcatggg 


cactagaaaa 


attcttgttt 


taaatttaa - 


atttatctta 


agatgcaat t 


720 


acgagaaget 


ttttcgaaaa 


ttctcaatta 


aaagaattcq 


ccgatttaga 


ataaaagtct 


780 


tcagaaaiga 


gtaaaagctc 


aaattagaag 


tttgttCLta 


aaggaaaaac 


acgaaaaaag 


840 
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aacactattt: 


atcttttcct 


ccccgcgtaa 


aatfcagttgt 


tgtgataata 


gtgatccgct 


900 


gtctatttgc 


actcggctct 


teacaccgbg 


cttcctctca 


cbtgacccaa 


caggaaaaaa 


960 


aaacatcaeg 


tctgagacgg 


tgaattgcct 


tatcaagagc 


gtcgtctctt 


tcacccagta 


1020 


acaaaaaaaa 


tttggtttct 


ttactttata 


tttatgtagg 


tcacaaaaaa 


aaagtgatgc 


1080 


agttttgtgg 


gtcggttgtc 


tccacaccac 


ctccgcctcc 


agcagcacac 


aabcatcttc 


1140 


gtgtgttctc 


gacgattcct 


tgtatgccgc 


ggtcgtgaat 


gcaccacabt 


cgacgcgcaa 


1200 


ctacacacca 


cactcacttt 


cggtggtat b 


actacacgtc 


atcgttgttc 


gtagtctccc 


1260 


gctctttcgt 


ccccactcac 


tcctcattat 


tccccttggt 


gtattgattt 


tttttaaatg 


1320 


gtacaccact 


cctgacgttt 


ctaccttctt 


gttttccgtc 


catttagatt 


ttatctggaa 


1380 


atttttttaa 


aattttaggc 


cagagagttc 


tagttcttgt 


tctaaaagtc 


taggtcagac 


1440 


atacatt ttc 


tatttctcat 


caaaaaaaaa 


gttgataaag 


aaaactggtt 


attcagaaag 


1500 


agtgtgtctc 


gttgaaattg 


attcaaaaaa 


aaattcccac 


ccctcgcttg 


tttctcaaaa 


1560 


tatgagatca 


acggatttbt 


tccttctcga 


ttcaattttt 


tgctgcgctc 


tgtctgccaa 


1620 


aqtgtgtgtg 


tccgagcaaa 


agatgagaga 


atttacaaac 


agaaatgaaa 


aaaagttggc 


1680 


caaataatya 


agttttatcc 


gagattgatc 


ggaaaganat 


taatgttctt 


tacggtttgg 


174C 


aqqqqaqaqa 


gagatagatt 


ttcgcatcaa 


actccgcctt 


ttacatgtct 


tttagaatct 


1800 


aaaatagatt 


tttctcatca 


tttttaatag 


aaaatcgaga 


aabtacagta 


atttcgcaat 


1860 


tfctcttgcca 


aaaatacacg 


aaatttgtgg 


gtctcgccac 


gatctcggtc 


ttagtggttc 


1920 


atttggttta 


aaagtttata 


aaatttcaaa 


ttctagtgtt 


taatttccgc 


ataattggac 


1980 


ctaaaatggg 


tttttgtcat 


cattt bcaac 


aagaaatcgt 


gaaaatcctg 


ttgtttcgca 


2040 


attttctttt 


caaaaataca 


cgaaatatat 


ggtaatttcc 


cgaaatattg 


agggtctcgc 


2100 


cacgatttca 


gbcacagtgg 


ccaggat tta 


tcacgaaaaa 


agttcgccta 


♦gtctcacatt 


2160 


tccggaaaac 


cgaatctaaa 


ttagtttttt 


gtcatcattb 


tgaacaaaaa 


atcgagacat 


2220 


CCCLd Coy LL 




iT'ihrnt't' t~ t" t~ 

Ly t U L L. 


c t" I'tr^aaaa 

V, V- L U w< U (JL Q 


a tgacagtc t 


agaa t uaaaa 


2280 


ttcgctggaa 


ctgggaccat 


gatatctttt 


ctccccgttt 


ttcattttat 


tttttattac 


2340 


actggattga 


ctaaaggbca 


ccaccaccgc 


cagtgcgtgc 


catatcacac 


acacacacac 


2400 


acacaatgcc 


gagattttat 


gtgttatccc 


tgcttgactt 


cgttccgttg 


tctctctctc 


2460 


tctattcate 


ttttgagccg 


agaagctcca 


gagaatggag 


cacacaggat 


cccggcgcgc 


2520 


gatgtegtcg 


ggagatggcg 


ecgcctggga 


agccgcegag 


agatatcagg 


caagatcgte 


2580 
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tgatttctcc 


tcggatgcca 


cctcatctct 


cgagtttctc 


cgcctgctac 


tccctgccga 


2640 


acctga ta t 1 


ccccguCgtc 


gbaaagagat 


gtttttattt 


r a c* h h t a c .=l <** 


cggg tec -C c 


2700 


ctctctgcca 


qcacagctca 


gtgttggctg 


tgigctcggg 


ctcctgccac 


cggcggcctc 


2760 


atcttcttct 


tcttcttctc 


tcctgc tc tc gcttatcaet 


tcttcattca 


ttcttattcc 


2820 


ttttcatcat 


caaactagca 


tttcttactt 


tatttatttt 


tttcaatttt 


caafcetbeag 


2880 


ataaaaccaa 


actactbggg 


ttacagccgt 


caaca 






2915 


<210> 15 
<211> 6612 
<212> DNA 

<213> Caenorhabditis 


elegans 










<400> 15 
tcgactctag 


ttttgaaatc 


caaaaaaaaa 


acaaagttca 


a taaaatgtt 


acccaattgt 


60 


gcgatttttg 


ctttaaaaa t 


acggtacccg 


gtctcgatgc 


ggcaattgtt 


tggtaaatgt 


120 


aaaagqgtgt 


gcgcctttaa 


agagtactgc 


aatttcaatc 


ttccgacact 


gctgaatttt 


180 


tattgacttt 


ttgttcatta 


attttatata 


tga~ttattg gtatgtcaaa 


aaaacaccca 


240 


ttttcaaatc 


tattaaaatt 


ccacaacaac 


aaaagt tcga 


gattacagta 


ctttttagag 


300 


gcgcacatcc 


tttttgggat 


actaaacaat 


tgtcgcgtcg agaccaggfca 


ccatatttcc 


360 


aaaacacaa t 


ttcgcgtgta 


aataaaaaat 


atcaacataa 


caatbtccat 


ttttcgaaat 


420 


ttaaagttaa 


tcactttttg 


gtttagatta 


tgatttcaca 


cgtttttttc 


cttctagttc 


480 


tctttttttt 


gttatttgcc 


tgaaaaatgg 


tctgaaaact 


taggcaatca 


gcaatgtgtc 


540 


acataatttc 


tcccagagaa 


atccctttca 


acaaaatctc 


ccggattgac 


ctgtgtgchc 


600 


gaccttgata 


aattggttgg cagctctctg gcttatettt 


tgagaggaaa 


aagatccaac 


660 


aaatttttac 


ctcccttatc 


cctttttctc 


ttcatcacta 


ccaataataa 


tagttttttt 


720 


tttcgtcgcg 


gaagcaaaat 


ggcgaacaag 


tgttggaaca 


agagtactcc 


agggatttaa 


780 


gggctgaaag 


ccagtgattt 


acgagctcca 


atttttcaga 


cgttttttcc 


tccatcgcgt 


840 


atttgtccaa 


acactcgatt 


ttcttcctgc 


ttcccaacct 


ttcaaatcga 


aataaaagag 


900 


catctgtcgc 


tttttatcga 


tgtgcttctg 


tgagactaaa gaactactcg 


ttttcactcg 


960 


ttctctccct 


ctcaactatc 


aaagttttgt 


tgattgegtg 


tgtcagcttc 


cbtcttttta 


1020 


ttatcatcLt 


tt':attggag 


gaaaaaaata 


acttctgaag 


agcaaaagaa 


cbaacttegg 


1080 


ggaatacaga 


gaaaattcct 


gtaaaaatct 


ggaaatcttt 


tcgcttaact 


cgaaatattt 


1140 


agtttttcac 


tutgatttct 


gqgaaaaatc 


aagaaatatt 


tgcctaaaac 


acgagttt tc 


1200 
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acatgaaaaa 


tgaattatct 


attgattttt 


tatggagatt acaaaaaaga. 


cacacgtgaa 


1.260 


actactgcta 


ccgtagttgt 


gcaaacgtag 


tgttctctat ittagacctg 


tttaatgtat 


1320 


ttttttgcag 


utgaaaattt 


ttaaaaatat 


tttag-tatt tttaaaaata 


tttaatttac 


1380 


aaaataatta gcctgaaccc 


atgaaaagat 


acgctatatt taatttttac 


cgtaagactt 


1440 


tcaagatcgt 


tgcqagaccc 


ggcgcctagg 


tcaaagagcc tccctttaaa 


cccatcaaca 


1500 


cgttttgcct 


ttttcatcga 


ttttttgcag 


ttcttttctc ctttcca.act 


gatttttctt 


1560 


catttttaaa gtttttttcc 


tcatttttcc 


catttgaaa. tatttaaaca 


cgtgcaacca 


1620 


gctggtaaca 


tgtgtcacat gccgttatct aacttcaaaa cagtacattt ccgatcacac 


1680 


gbcccccgcg 


ccgagtttta tagtttcatt aataactttt cggtttttga 


taatactaat 


1740 


tgagttttat 


taattgtttc 


catattcatc 


tagcactttg acctgtcctt 


cttcgaattc 


1800 


tcaaatattt 


gcactctggg 


tttaggtgtg 


aaaagaaztg tcgtcattaa 


gcggggcatc 


1860 


cggggcaccg 


aaaaaagccc 


tccgatttta 


acgaatctga gataaagttg 


gagagagagc 


1920 


ccagtgtttg 


cttgcccaag 


atatatatct 


tggatttacc aattactgtt 


tgtcaacctg 


1980 


tcgccggcgc 


cccctttttg 


ctcttgctcc 


cacgccccga gattgaattt 


caattttatt 


2040 


tcgaagtaag 


tctcttgatt 


gtttcgaaaa 


tccgatgaca cttttcatta 


cttttttgtc 


2100 


tgttgatttt 


gtagggaaac 


attgaaattt 


ttctgatctt tctttgatct 


tatgattttt 


2160 


catttattcc 


aattaaaaaa 


aattagcgca 


ttcagaacca gagtgaagct 


tgagatgttg 


2220 


taggtttatc 


aaaagatcaa 


aatctcgaat 


tccttcgaaa tgtttttagt 


tttcgacttc 


2280 


cgtgtgatt t 


ctagcgatcc 


tgacagagat 


cactgaattt taatgttatc 


gagattgttg 


2340 


tgtaggctcc 


atctcctctc 


tgaagcttct 


gattttgccg aaagtctagt 


tacttgccga 


2400 


ctgctgacac 


taggatatcc 


cactaecgta 


cccattgttg gatccgtact ctgctgcgac 


2460 


ttcttctctg 


tttcacgtga 


acctccggga 


tcgtcggtaa gccccgcccg 


ttatctgtgc 


2520 


caacttgtct 


tcgtgccctc gagcgacgag 


ctcattcaac eacgccacga 


cctccgtctg 


2580 


gacagatgct 


ctcattgtct 


ctgcgtctcc 


aagtattcgt cacactatct 


catgcattct 


2640 


attcaaaacg 


cgagagaaag 


cgcgggaacg 


agagagagtt cagacagatc 


gaacttgtt t 


2700 


ttatcccccc 


ccccctcgtc 


cggctgcaga 


gcaaaaaaal actgcttttc 


cttgcaaaa t 


27 60 


teggtgctLt 


ctteaaagag 


aaacttttga 


agtcggcgcu agcatttcct 


tctttgactt 


2820 


ctctctttcc 


g -caaaaagc 


ctageatttt 


tattgataat ttgattacac 


acactcagag 


2880 


ttcttcgaca 


tgataaagtg 


ttteattggc 


actcgcccta acagtacatg 


acaagggcgg 


2940 


attattatcg 


accgatattg 


aagacaaact 


ccaaacgt.it gctcattttg 


gagccccgtg 


3000 
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tQQQqcaqc t 


gctctcaata 


cattactagg 


gagacgagga 


gggggaccct 


atcgaacgtc 


3060 


gca tgagcca 


ttctttcttc 


tttatgcact 


ctcttcacte 


tctcaeacat 


taatcgattc 


3120 


atagactccc 


atattccttg 


atgaaggfcgt 


gggtttttag 


ctttttttcc 


cgatttgtaa 


3180 


aaggaagagg 


ctgacgatgt 


taggaaaaag 


agaacggagc 


cgaaaaaaca 


tccgtagtaa 


3240 


gtcttccttt 


taagccgaca 


ctttttagac 


agcattcgce 


gctagttttg 


aagtttaaat 


3300 


tttaaaaaat 


aaaaattagt 


ttcaattttt 


tttaattact 


aaataggcaa 


aagttttttc 


3360 


aagaactcta gaaaaactag cttaattcat gggtactaga aaaattctfcg 


ttttaaattt 


3420 


aatatttatc 


ttaagatgta 


attacgagaa 


gcttttttga 


aaattctcaa 


ttaaaagaat 


3480 


ttgccgattt 


agaa taaaag 


tcttcagaaa 


tgagtaaaag 


ctcaaattag 


aagtttgttt 


3540 


tuaaaggaaa 


aacacgaaaa 


aagaacacta 


tttatctfctt 


cctccccgcg 


taaaattagt 


3600 


tgttgtgata 


acagtgatcc gctgtctatt 


tgcactcggc 


tcttcacacc 


gtgcttcctc 


3660 


tcacttgacc 


caacaggaaa 


aaaaaacatc 


acgtctgaga cggtgaattg 


ccttatcaag 


3720 


agcgtcgtct 


ctttcaccca 


gtaacaaaaa 


aaatttggtt 


tcfcttacttt 


atatttatgt 


3780 


aggtcacaaa 


aaaaaagtga 


tgcagttttg tgggtcggtt 


g-ctccacac 


cacctccgcc 


3840 


tccagcagca 


cacaatcatc 


ttcgtgtgtt 


ctcgacga-t 


ccttgtatgc 


cgcggtcgtg 


3900 


aatgcaccac 


attcgacgcg 


caactacaca 


ccacactcac 


tttcggtggt 


attactacac 


3960 


gtcatcgttg ttcgtagtct cccgctcttt cgtccccacc 


cactcctcat 


tattcccctt 


4020 


ggtgtattga 


ttttttttaa 


atggtacacc 


actcctgacg 


tttctacctt 


cttgttttcc 


4080 


gtccatttag 


atttnatctg gaaatttttt 


taaaatttta 


ggccagagag 


ttctagttct 


4140 


tgttctaaaa gtctaggtca gacatacatt 


ttctatttct 


catcaaaaaa 


aaagttgata 


4200 


aagaaaactg 


gttattcaga 


aagagtgtgt 


ctcgttgaaa 


ttgattcaaa 


aaaaaactcc 


4260 


cacccctcgc 


ttgtttctca 


aaatatgaga 


tcaacggat t 


ctttccttct 


cgattcaatt 


4320 


ttttgctgcg 


ctctgtctgc 


caaagtgtgt 


gtgtccgagc 


aaaaga tgag 


agaatttaca 


4380 


aacagaaatg 


aaaaaaagtt 


ggccaaataa 


tgaagtttta 


tccgagattg 




4440 


tattaatgtu 


ctttacggtt 


tggaggggag 


agagagatag 


attttcgca t 


caaactccgc 


4500 


cttttacatg 


tcttttagaa 


tctaaaatag 


atttttctca 


ccatttttaa 


tagaaaatcg 


4560 


agaaattaca 


gtaatttcgc 


aattttcttg 


ccaaaaatac acgaaatttg 


tgggtcccgc 


4620 


cacgatctcg 


gccctagtgg 


ttcatttggt 


ttaaaagttt 


a taaaatttc 


aaattctagt 


4680 


gtttaatttc 


cgcataattg 


gacctaaaa- 


gggtttutgt 


catcatcctc 


•aacaagaaat 


4740 
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cgtgaaaatc c-tgttgtttc gcaattttct tttcaaaaat acacgaaata tatggtaatt 4800 

tcccgaaata ttgagggtct cgccacgatt f.-agtcacay tggccaggat ttatcacgaa 4860 

aaaagbtcgc ctagtctcac atttccggaa aaccgaatct aaattagttt tttgtcatca 4920 

ttttgaacaa aaaatcgaga catecctata gtttcgoaat tttcgtcgct tttctctcca 4980 

aaaatgacag tctagaatta aaattcgctg gaactgggac catgatatct tttctccccg 5040 

tttttcattt tattttttat tacactggat tgactaaagg tcaccaccac cgccagtgtg 5100 

tgccatatca cacacacaca cacacacaat gtcgagattt tatgtgttat ccctgcttga 5160 

tttcgttccg ttgtctctct cbctctattc atcttttgag ccgagaagct ccagagaatg 5220 

gagcacacag gatcccggcg cgcgatgtcg tcgggagatg gcgccgcctg ggaagccgcc 5280 

gagagatatc agggaagatc gtctgatttc tcctcggatg ccacctcatc tctcgagttt 5340 

ctccgcctgt tactccctgc cgaacctgat atttcccgtt gtcgtaaaga gatgttttta 5400 

ttttacttca caccgggtcc tctctctctg ccagcacagc tcagtgttgg ctgtgtgctc 5460 

gggctcctgc caccggcggc ctcatcttct tcttcctctt ctctcctgct ctcgcttatc 5520 

acttcttcat tcattcttat tccttttcat catcaaacta gcatttctta ctttatttat 5580 

tt.ttttcaat tttcaatttt cagataaaac caaactactt gygttacagc cgtcaacatg 5640 

gaggacgcgc atgccaaaga cgccaatgag gtacttttat agtttttaaa ttttagtttt 5700 

taatacaatt tattttccag gtgtgcaaat tcttcggaac gggtccggag ggattgactc 5760 

cacagcaagt tgaaacattg aggaacaaat atggagaaaa tggttggttt tttacatgga 5820 

tttctcatta aaaattgaat tttttccaga aatgcccgcc gaagagggaa aatcactgtg 5880 

ggagctgatt ctcgagcaat tcgacgatct tctcgtcaag attctcctcc tcgccgccat 5940 

catctcgttt gcgctcgccc ttttcgaaga gcacgaagat cagacagaag cagtgacggc 6000 

gttcgtcgaa csgttcgtc. tccttctcat tcttattgcc aacgcgaccg tcggagtgtg 6060 

gcaggtagga acaacacaga caggcgcacg cgctgaaaga aaataagaag aagaagaaaa 6120 

agcacagttg tcttctgtgt ttttgtagat caaaagaaag gaactaggag tgattgcaca 6180 

gagagagaga gagagaaata atgtcttttt gacttgttct tgtbggtgag agagataggg 6240 

aaaaagagtc cctaaagaaa aaatagtgta acgggcggtc cggaagaaat gctctttgcg 6300 

ccgaaaagtt tttgaaaaaa gaagaaaatg atgaaggaaa ggcgtgcgtc atgagcttcy 6360 

cacttacgta cgcaaaaagt gagggatatg tgaaaaayat attgggtgat agaatagttg 6420 

acggatcggg c'.gcactatc tgcctcaatt tgceacaaat Ltccatctaa tttgtcataa 6480 

ttttccagga acyaaatgct gaatcggcca tcyaagcyC. ,-aaggaatac gaaccagaaa 6540 
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tggccaaggt cacccgatcc ggaeaccacg gaattcagat ggttcgcgct' oaggaactcg 6600 
tgccaggaga tc 6612 

<210> 16 

<211> 31B0 

<212> DNA 

<213> Caenorhabditis elegans 

<400> 16 



atggaggacg 


cgcatgccaa 


agacgccaat 


gaggtgtgca 


aattcttcgg 


aacgggtccg 


60 


gagggattga 


ctccacagca 


agttgaaaca 


ttgaggaaca 


aatatggaga 


aaatgaaatg 


120 


cccgccgaag 


agggaaaatc 


actgtgggag 


ctgattctcg agcaattcga 


cgatcttctc 


L80 


gtcaagattc 


tcctcctcgc 


cgccatcatc 


tcgtttgtgc 


tcgccctttt 


cgaagagcac 


240 


gaagatcaga 


cagaagcagt gacggcgttc 


gtcgaaccgc 


tcgtcatcct 


tctcattctt 


300 


at tgccaacg 


cgaccgtcgg agtgtggcag 


gaacgaaatg ctgaatcggc 


catcgaagcg 


360 


ctcaaggaat 


acgaaccaga 


aatggccaag 


gtcatccgat ccggacacca 


cggaattcag 


420 


atggttcgcg 


ctaaggaact 


cgtgccagga 


gatcttgtcg 


aagtttcagt 


cggagacaag 


480 


atcccagccg 


atctccgtct 


tgtgaagatc 


tactccacca 


ccatccgtat 


cgatcagtcc 


540 


atcctcaccg 


gagaatctgt gtctgttatc 


aagcacaccg actctgtgcc 


agatccacgc 


600 


gctgttaacc 


aggacaagaa 


gaattgtctg 


ttctcgggaa 


ccaatgtcgc 


atctggaaag 


660 


gctcgtggaa 


tcgtcttcgg 


aaccgga ttg 


accactgaaa 


tcggaaagat 


ccgtaccgaa 


720 


atggctgaga 


ecyagaatga gaagacacca 


cttcaacaga 


agttggacga 


attcggagag 


780 


caactntcca 


aggttatctc 


tgttatttgc 


gttgctgttt 


gggctatcaa 


cattggacat 


840 


t tcaacgatc 


cagctcacgg 


tggatcatgg 


gttaagggag 


caatctacta 


cttcaaaatc 


900 


gccgttgctc 


ttgccgtcgc 


tgctattcca 


gaaggacttc 


cagctgtcat 


caccacgtgc 


960 


cttgccctcg 


gaactcgccg tatggccaag 


aagaacgcta 


ttgtaagatc 


ccttcca tec 


1020 


gtcgaaaetc 


ttggatgcac 


atctgttatc 


tgctctgaca 


agactggaac 


tctcaccacc 


108 0 


aaccagatgt 


ctgtgtcaaa 


ga tgt tcatc 


gctggacaag 


jttctggaga 


caacatcaac 


1140 


ttcaccgagt 


tcgceatctc 


cggatccacc 


tacgagcoag 


tcggaaaggt 


ttccaccaat 


1200 


ggacgtgaaa 


tcaacccage 


tgctggagaa 


ttcgaatcac 


tcaccgagtt 


ggeca tgatc 


1260 


tgcgctatgt 


gcaatgattc 


atctgttgat 


cacaa tgaga 


ccaagaagat 


ctacgagaaa 


1320 


gtcggagaaq 


ceactgaaae 


tgctcttatc 


gttctcgctg ayaagatgaa 


tgttttcgga 


1380 


acctcgaaag 


ccgyaetttc 


accaaaggag 


ctcggaqyag 


cttgcaaccg 


tgtcatccaa 


1440 
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caaaaatgga 


agaaggagtt 


cacactcgag ttctcccgtg 


a tcgtaaatc 


catgtvcgcc 


1500 


tactgcttcc 


cagcttccgg 


aggatctgga gccaagatgt 


tcgtgaaggg 


agccccagaa 


1560 


ggagttctcg gaagatgcac 


ccacgtcaga gttaacggac 


aaaaggttcc 


actcacctct 


1620 


gccatgac tc 


agaagattgt 


tgaccaatgc gtgcaatacg 


gaaccggaag 


agataccctt 


1680 


cgttgtcttg 


ccctcggaac 


catcgatacc ccagtcagcg 


ttagcaacat 


gaacctcgaa 


1740 


gactctaccc 


aattcgtcaa atacgaacaa gacatcacat 


ctgtcggagt 


cgtcggaatg 


1800 


cttgaccccc 


caagaactga agtttcggac tcgatcaagg 


cttgtaacca 


cgctggaatc 


1860 


cgtgtcatca 


tgatcaccgg 


agacaacaag aacaccgctg 


aggctatcgg 


aagaagaatc 


1920 


ggactcttcg 


gagagaacga 


ggataccact ggaaaagctt 


acactggacg 


tgaatt tgac 


1980 


gatcttccac 


cagagcaaca 


atctgaagcc tgccgcagag 


ctaagctttt 


cgcccgtgtc 


2040 


gagccatctc 


acaagtccaa 


gafctgtcgat atccttcaat 


cccagggaga 


gattactgct 


2100 


atgaccggag 


acggagtcaa 


cgacgctcca gctttgaaga aggccgaaat cggaatttct 


2160 


atgggatcag gaactgctgt cgccaagtct gcatctgaaa 


tggttcttgc 


tgacgataac 


2220 


ttcgcatcca 


ttgtgtctgc 


tgtcgaagaa ggacgtgcta 


tttacaacaa 


catgaaacaa 


2280 


ttcatcagat 


atctcatctc 


atctaacgtc ggagaagtcg 


tctccatctt 


catggtcgcc 


2340 


gcactcggaa 


ttccagaggc 


tctcattcca gttcaacttc 


tctgggttaa 


cttggtcact 


2400 


gacggtcttc 


cagccactgc 


tctcggattc aatccaccag 


atcttgacat 


tatggacaga 


2460 


catccacgtt 


cagccaacga 


cggactcatc tctggatggc 


tcttcttcag 


atatcttgct 


2520 


gtcggaacct 


acgtcggagt 


tgccaccgtc ggagcctcaa 


tgtggtggtt 


cttgttgtac 


2580 


gaggagggac 


cacaga tcac 


ctactaccag ctcactcacb ggatgagatg 


tgaaatcgag 


2640 


ccagacaact 


ttgccga tct 


tgactgcgcc gtattcgagg 


acaatcaccc gaacgccatg 


2700 


gctctgtccg 


tgcttgtcac 


cattgagatg ctcaacgcca 


tcaactcact 


ttccgagaat 


2760 


caatcgcttt 


tagtgatgec 


accatggaag aacatctggc 


tgatggccgc 


catttccctt 


2820 


tcgatgtctc 


ttcactttgt 


cattctctac gttgacatca 


tggccaccat 


cttccagatc 


2880 


acccctctca 


actgggtcga 


atggatcgcc gtgttgaaga 


tctcactgcc 


agtgctcctt 


2940 


ctcgatgaaa 


ttctcaagbt 


catcgccaga aactacatcg acggtaagcc 


ggagacggtc 


3000 


ggcgcgaagg 


cacg.agtgc 


catctcgcty ctcgcctg-jg tgtctgtgac gctcgcctac 


3060 


tttgcytgua 


tgttgggccc 


gtacgccgag ctcattaacc 


atgcgctcgt 


cggtccatct 


3120 


gtcgatccgt 


egaaattcqa 


cgcggttgtc acgcccgaca 


agttacataa 


cgaattgtga 


3180 
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<210> 17 

^211> 837 

<212> DNA 

<213> Caenorhabditis elegans 



<400> 17 
aaagtgaata 


atcgaccaaa 


taataactca 


ctttggtati: 


tattcctgtc 


ttataatgtt 


60 


atgtatgaat 


taaattcata 


tgcata tggc 


tcactctgac 


aaaaaaaaat 


aatcttccag 


120 


atcaatattg 


actaccgatg 


cgggtggtct 


tttgctttga 


attctgctga 


actttacacc 


180 


ccgaacagca 


atgtgtgctt 


cagctaaaaa 


aaagtaagtg 


tgttaatcag 


tccccccgat 


240 


tcttcatttt 


ttgcccctct 


ctcccgtttc 


gtcggcaaaa 


gaagagaaaa 


taaagataag 


300 


tctcaagata 


ggttggtaat cgctaaagtg 


gttgtgtgga 


taagagtagc 


aaaatggcag 


360 


gaagagcact 


ttgcgcgcac 


acactgtact 


cattgttctg 


gataaaattc 


tctcgttgtt 


4 


tgccgtcyga 


tgtetgcctc 


tetgccattg 


agccggcttc 


ttcactatct 


ttagttaacc 


480 


taaaatgccg 


tttcttttct 


cgtatcccac 


tatccgttga 


ggttctctgc 


tctcttcgct 


540 


cccttaccgc 


cagcgagcaa 


ctatccgtgg 


gggcgccttg 


ctcggaaga t 


gggggggaag 


600 


aaagaagatt 


tttgctattt gcacttgaga 


aagagacttt 


tcctgcgtcg 


atggttagag 


660 


aacagtgtgc 


agacactttt 


cagctaccta 


gatacatgga 


tatccccgcc 


tcccaatcca 


720 


cccacccagg 


gaaaaagaag 


ggctcgccga 


aaaa tcaaag 


ttatctccag 


gctcgcgcat 


780 


cccaccgagc 


ggttgacttc 


tctccaccac 


ttttcatttt 


aaccctcggg 


gtacggg 


837 


<210> 18 
<211> 2396 
<212> DNA 

<213> Caenorhabditis 


elegans 










<400> 18 
agcttgggct 


gcaggtcggc 


tataataagt 


tcttgaataa 


aataattttc 


ccgacaaaac 


60 


atgagtattt 


ctttcgaaaa 


taaaagtgca 


ggctaattag 


agattattct 


gtaattaact 


120 


gcataatttg 


tcacgtgcca 


tagttttaca 


ttccactacg 


tcatagctct 


taaaatacta 


180 


atctcctgaa 


aatagaagta 


ggtgaagaaa 


gtttaattat 


cagttctaaa 


atgacaattg 


240 


atctttggaa 


tatgttctga 


aactaccgat 


cattgaacag 


atgctatttg 


aatgatacag 


300 


aattgtarat 


tcgcaatttic 


tgaaacgcgt 


tcttaaaggc 


acacagatta 


attcaaaagg 


360 


gtctggccgc 


aaaaaggt tt 


atggtggccg 


attttgagt.t 


ctgtgtgtga 


ttgctfctttc 


4 20 


acaatcagcg 


trttcaggat 


tatgtgatga 


actagatctt 


caagtttcgt 


tacatcrcac 


480 


atutttteug 


aaotrcacgaa 


gtacatattg 


ggtattgtgc 


tcaaaaaatt 


cagcaatcag 


540 
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cttcgctccg 


ctgactttag 


aacccaaaaa aatagtatgg 


ccaaactgac 


tgtgttacga 


600 


tcatttcaat 


ttttcaatac 


atatttaaga tttctaagag taagaaggtc 


aaaaactgtl 


660 


ctggaataca 


tatatatttt 


tcaggttaea atfcagtcaaa 


aagtgcactg 


aaatatacgt 


-720 


tttaatttca 


cgaataaccc 


aattagttca atgtattttt 


ggtcaaccaa 


cgttaaagtt 


. 780 


tggcttccaa 


ccaattatca 


tttctgatca accacaatgt 


tttttcttta 


tctgcaagtt 


840 


aattttttat 


ttttatccag 


atgtttggca tatttttcaa 


ttcttcacta gcgcccactt 


900 


cttgcacttc 


eggcgccctg aatctaatgc atctgtfcgca agaattgaaa 


gaccaa tcaa 


960 


cacattgttt 


tcttcacgag 


atactgaaga aaatgaataa 


aaacagagaa 


aaagagccat 


1020 


gtgattagtg 


acaactgt tg 


ctaacagata ccatagcttg gactfcggtac 


gtgatggcaa 


1080 


cgtatgggtc 


aacaaaaatg 


attgcagagg gggtgcaaaa 


cagtcaagtc 


gagaaaatat 


1140 


gaaaaacaga 


aaacaaagaa 


cagaaaaatg ggtttgagag 


tcagtataat 


ttataaaaga 


1200 


aaaattgtac 


atagaaatta 


accatttttg tagaagaagt 


tatttttcaa 


gcatcgttaa 


1260 


aaattattca aagcacctta 


tttcatattt aattttaaac atggttaaat 


gaacaacacg 


1320 


gtgcgcaatc aggaaaactt gaaatctgaa actgttgttg tgatcttctt cgcaactgtt 


1380 


cagatagcac 


tagtgtaatg ttaagagtgc gcgaatataa tggaatatea 


tggatcacac 


1440 


ctcctgccat 


caggtaaacg 


tctctgttat cacatatttc 


caactattaa 


atttttacct 


1500 


tttacagttt 


tacatttttt 


tgaaaaaagt aactttttgt 


ct tcaaaatc 


cctgacgaaa 


1560 


atatcaaata 


ttttaatcga gactgcagaq gaaccgattg 


atgatttgga 


aaatccagct 


1620 


ttacctgtgt 


aagaactgaa 


aagtttcata accctagggt 


attcccagtt 


acattcccca 


1680 


ctggctaaca 


atagcaccca 


gtttttcatc acctttcttc aaatttctcg gcgatttgtt 


1740 


aaaaacaaaa 


tttgtgtccc 


ttctctgata tctctatgtc 


tctaaacaca 


agttcatcgg 


1800 


aaaacgaagg 


agggtaggtg 


ttggttgggc tcccgaagtg 


aaaatagaag 


agcaagaata 


1860 


gaatattaga 


gagagagtgc 


agagagggcg ggatagctcc 


cgggactccg 


ttttcttctt 


1920 


ctttatcttc 


aaccatgatg 


tgtgtgcgtg ttgtatagat 


tctgttgcte 


ccccacaact 


1980 


cgctccgaag gctcaataca 


attcaattga tattggagga 


gagcctaccg 


gagtgygagg 


2040 


ataagaagaa 


acataagaag 


aagaayaaga agaagcatgc 


ttctggtttt 


tgatgctatg 


2100 


aaaacggcac 


aaaaagatua 


tLgaggcc^c tttccaatac 


cttctctcat 


cttccaaa tc 


2160 


ccat tgaaac 


ctaaaactcc 


tcaccacgct ttaccattgl 


cctccaaaaa 


ctcaiagcaa 


2220 


tgtctataac 


ttttttatct 


cugaaaagca gtgttccatc 


sttcttLttc 


• ctatttcatt 


22S0 
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tcaattgttt ctcacatttc gtttggattc tttgetfcgtc aaccagcttc .ttctcccact 2340 
tttacegtct aattttcagg gcagggagcc atcaaaccea cgaccactag atceat 2396 



<210> 19 
<.211> 45 
^212;> DNA 

<213> Caenornabditis elegans 
<400> 19 

ecttctcgat ttcaaaatgt caactaaaca catgcaacat atgtg 



<210> 20 

<211> 30 

<Z12> DNA 

<213> Artificial sequence 
O20> 

023> Arabidopsis SERCA forward primer 

^-400> 20 

cgatggatcc atggaagacg cctacgccag 



<210> 21 

<211> 29 

<212> DNA 

<2i3> Artificial sequence 
<220> 

<223> Arabidopsis SERCA reverse primer 

<400> 21 

cgatgggccc ctacttgtca cgccggtcc 



<210> 22 

<211> 33 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> Heliothis SERCA forward primer 

<400> 22 

cgatggatcc atygaggacg ctcactcgaa ate 33 



<210> 


23 


<211> 


31 


<212^ 


DNA 


<213> 


Artificial sequer.ee 


<220> 




<223> 


Heliothis SERCA reverse 



<400> 
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cgtagggccc ttacagcttc cacgtcggct g 31 



<210> 24 

<211> 23 

<212> DNA 

<.213> Artificial sequence 
<220> 

<.223> SERCA P2 primer 

<400> 24 

cgaagagcac gaagatcaga cag 23 



<210> 25 

<211> 19 

<212> DNA 

<213> Artificial sequence 
<220> 

<22 3> SERCA P8 primer 

<400> 25 

gagaggcggt tggtttggg 1? 



<210> 26 

<211> 22 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> SERCA P4 primer 

<400> 26 

ccgttcgtca cccttctcat tc 22 



<210> 27 

<211> 20 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> SERCA P7 primer 

<400> 27 

cgacagatgg accgacgagc ^0 



<210> 28 

<211> 32 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> Degenerate primer ID1 
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<*400> 28 

acccctctga agaagaagct graygarttiy gg 



<2iO> 


29 


<*211> 


23 


<212> 


DNA 


<213> 


Artificial sequence 


<220> 




<223> 


Degenerate primer ID2 


<220> 




<221> 


misc feature 


<222> 


(18) . . (18) 


<223> 


"n" represents "g, a. 


<400> 


29 


gccgtggccg ccathccnga rqg 


<210> 


30 


<211> 


27 


<212> 


DNA 



<210> 


31 


<211> 


25 


<212> 


DNA 


<213> 


Artificial sequence 


<220> 




<223> 


Degenerate primer IDA 


<220> 




<221> 


misc feature 


<222> 


(17) . . (17) 


<223s 


"n" represents "g, a, 


<400> 


31 


ccgacatggt gccggcngay gayaa 



23 



<213> Artificial sequence 
<220> 

<223> Degenerate primer ID3 
<220> 

<221> misc__f eature 

<222> (25).. (25) 

<223> "n" represents "g, a, t or c' 



<400> 30 

caccgtgatc tgctcegaya aracngg 27 



25 



<210- 32 
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<.211> 30 

<212> DNA 

013> Artificial sequence 
^220> 

<223> Degenerate primer IDS 
^220> 

<221> misc_feature 

<222> (25).. (25) 

<223> "n" represents "g, a, t or c" 



<220> 

<22i> misc_feature 

<222> (28).. (28) 

<223> "n" represents "g, a, t or c" 



<400> 32 

ccggtacatg atctcctcca ayrtnggnga 



30 



<210> 


33 


<211> 


25 


<212> 


DNA 


<*213> 


Artificial sequence 


<220> 




<223> 


Degenerate primer ID6 


<220> 




<221> 


misc feature 


<222> 


(17) . . (17) 


<223> 


"n" represents "g, a, 


<400> 


33 


tggtggtcag ggtgccngty ttrtc 


<210> 


34 


<211> 


24 


<212> 


DNA 


<2X3> 


Artificial sequence 



25 



<220> 

<223> Degenerate primer ID7 



<22Q> 
<221> 
<222> 



misc_f eature 
(16) . . 116) 



<223-^ "n" represents "g, a, t or c' 



<220; 



misc feature 



<222:> (22! . . 122) 

s.223> "n" represents "u, a, t or c r 
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<400> 


34 


gttcacgccg tcgccngtca tngc 


<210> 


35 


<;2il> 


28 


<212> 


DNA 


013> 


Artificial sequence 


<220> 




<223> 


Degenerate primer ID8 


<400> 


35 



24 



cctcgccgat gttggagswcl atcatrta 



28 



^210> 36 

<211> 28 

<212> DNA 

<.213> Artificial sequence 
<220> 

<223> Degenerate prirr.er ID9 
<220> 

<221> misc_f eature 

<222> (23) . . (23) 

<223> "n" represents "g, a r t or c r 



<220> 

<221> misc_feature 

<222> (26).. (26) 

<223> "n" represents "g, a, t or c" 



<400> 36 

ccaggttcac ccacagcary tgnacngg 



<210> 37 

<211> 28 

<212;* DNA 

<213> Artificial sequence 
<220> 

<223> Degenerate prirv.er ID10 



<220-> 
<221> 
<222-> 
<223> 



misc_f eature 
(23) . . (23) 

"a" represents "y, a, t or c* 



<220> 

**221> misc_f eature 
•.222> (261 . . :'.*!b) 
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<223> "n" represents "g, a, t or c" 
<400> 37 

ccgtgatctg ctccgacaar acaggnac 28 



<210> 38 

<211> 24 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> Degenerate primer ID11 
<220> 

<221> misc_f eature 

<222> (19).. (19) 

<223> "n" represents "g, a, t or c" 



<220> 




<221> 


misc feature 


<222> 


(22) . . (22) 


<223> 


"n" represents "g, a, 


<400> 


38 


cgccatgacc ggcgayggng tnaa 


<210> 


39 


<211> 


32 


<212> 


DNA 


<213> 


Artificial sequence 


<220> 




<223> 


Degenerate primer ID12 


<220> 




<221> 


misc feature 


<222> 


(24) . . (24) 


<223> 


"n" represents "g, a, 



24 



<400> 39 

ccgatgttgg aggagatcat gtanckdatr aa 



32 
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